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Abstract 
 Supramolecular host-guest chemistry is a topic of great current interest. 
However, the further development of host-guest chemistry is still limited by the 
number of available host-guest recognition motifs. This makes it necessary and 
valuable to find new host-guest recognition motifs and apply known host-guest 
recognition motifs in the preparation of novel supramolecular systems. 
 
Calixarenes, cyclic p-substituted phenol formaldehyde oligomers, are of current 
interest as versatile hosts and candidate for synthetic receptors and enzymes in 
supramolecualr chemistry. Calixarene analogues containing elements other than 
carbon as bridge are also of interest in this regard. The replacement of the 
carbon bridge with other element will have an effect on the conformational and 
complexation properties of the calixarenes. Furthermore, some of the hetero 
atoms can serve as additional coordination sites and undergo further 
modification easily. 
HOOH
OH
OH
S
S S
S
HOOH
OH
OH
1
4
10
16
Calix[4]arene Thiac alix[4]arene 1
OO
O
HO
OH
OH
1
7
15
Homooxacalix [3]arene 1
OO
O
HO
OH
OH
COOEtEtOOC
C OOEt
1
7
15
Oxacalix [3]arene 1
A B
C D  
 ii
Shofiur Rahman                                  Saga University, Japan 
 
 Replacement of carbon bridge with CH2OCH2 will result in the 7, 15, 
23-tri-tert-butyl-2, 3, 10, 11. 18, 19-hexahomo-3, 11, 19-trioxa calix[3]arene-25, 
26,27-triol 1(C), and 5,11,17,23-tetra-tert-butyl-2,8,14,20-tetrathiacalix[4]arene- 
25,26,27,28-tetraol 1(B) using ‘‘S’’ as the linkage. Compared to that of calix[4]- 
arene, the intramolecular hydrogen bonding are weaken in B, C and D while 
their calix benzene rings are larger than that of calix[4]arene. The hetero atom O 
and S in the bridge linkage will be contributed to the coordination of 
complexation. 
 
 Amino-derivatives homooxacalix[3]arene containing CONH at the lower rim 
were synthesized from triol 1 by step wise reaction. These derivatives can form 
intramolecular hydrogen bonding in apolar solvent (CHCl3), while intermolecular 
hydrogen bonding with solvent in polar solvent (DMSO). These derivatives can 
complex with n-BuNH3
+ and halide anion simultaneously and show a preferential 
to chloride anion than to bromide anion. Amino-derivatives have high selective to 
primary alkylammonium ions (n-BuNH3
+) because both of them have 
C3-symmetrical conformation, which have potential function not only in 
chemistry but also in biological system.  
 
 A novel heteroditopic hexahomotrioxacalix[3]arene receptor capable of 
binding an anion and cation simultaneously in a cooperative fashion. 
cone-Hexahomotrioxcalix[3]arenes bearing N,N-diethylacetomide and 
substituted tri-amide chains on their lower and upper rim respectively, were 
synthesized from oxacalix[3]arene triol 1 by stepwise reaction. The alkali metals 
binding at lower rim and anions (chloride, bromide) binding at the upper rim have 
been investigated by using 1H NMR titration experiments. Alkali metal binding at 
lower rim controls the calix cavity. The Li+-binding to the lower rim can improve 
the binding ability of anon at the upper rim amide moiety. On the other hand the 
Na+-binding to the lower rim can block the binding of anions at the upper rim 
amide moiety. The Li+-induced preorganization enhanced the Kass up to 3000M
-1.  
iii 
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Whereas when Na+ cation bound to the ionophoric lower rim, the calix cavity is 
changed flattened to more standup which is favour for intramolecular hydrogen 
bonding between neighboring NH and CO groups and block to the inclusion of 
anions to the amide moiety at the upper rim.  
 
 Thiacalix[4]arenes 1 are new members of a well-known calixa[4]renes 
family, Figure 1. The presence of four sulphur atoms, instead of methylene 
bridges, imposes some novel interesting features on thiacalix[4]arene molecules 
if compared with the chemistry of the classical calixarenes. The formation of 
ditopic derivatives the synthesis of 1,3-distal substituted derivatives is required. 
A number of ditopic derivatives (i.e. ester/bipyridine, benzyl/bipyridine, 
ester/imidazole, benzyl/imidazole, etc.) possessing two complexation sites and 
bearing 1,3-alternate conformation based thiacalix[4]arene were synthesized. 
The binding behaviours with Na+, K+, and Ag+ ions have been examined by 1H 
NMR titration experiment.  
  
 1,3-distal substituted thiacalix[4]arene urea/thiourea derivatives synthesized 
for complexation of anions was also carried out. These compounds can bind 
anions via hydrogen bonding interactions. Thiourea derivatives show much 
higher association constants (Kass) than urea derivatives. 
 
 Finally the application of several new and known recognition motifs in the 
synthesized of artificial allosteric receptor calix[n]arenes was discussed.  
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Molecular chemistry
Supramolecular chemistry
Covalent molecule: 
Chemical nature, Shape 
Redox properties, Polarity, 
HOMO-LUMO gap,  
Vibration and rotation 
Magnetism, Chirality 
Specific characteristics 
function or properties: 
Recognition 
Catalysis 
Transport 
Supramolecule (complex): 
Degree of order, interaction between subunits, 
symmetry of packing, intermolecular interaction.
1. Supramolecular Chemistry 
1.1. Introduction 
 
Supramolecular chemistry has evolved from efforts to mimic the weak 
noncovalent interactions and the phenomenon of molecular recognition in 
biological systems [1-5]. The characterizing feature of supramolecular chemistry 
is that carefully designed synthetic structures (hosts) recognize target molecules 
(guests) forming a supramolecular complex through noncovalent interactions. 
Supramolecular chemistry has been defined by one of its leading proponents, 
Jean-Marie Lehn, who shared the 1987 Nobel Prize in chemistry for his 
contributions to the field of supramolecular or host-guest chemistry, particularly 
for his development of the crown ethers known as a cryptands and his work on 
synthesizing artificial enzymes. More colloquially this may be expressed as 
“chemistry beyond the molecule”. Other definitions include phrases such as “the 
chemistry of the noncovalent bond” and “nomolecular chemistry” [1-2]. This kind 
of definition is highlighted in Figure 1, which illustrates the relationship between 
molecular and supramolecular chemistry of both structures and functions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Comparison between the scope of molecular and supramolecular 
chemistry  
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 If we regard supramolecular chemistry in its simplest sense as involving 
some kind of (noncovalent) binding or complexation event, we must immediately 
define what is doing the binding. In this context we generally consider a 
molecule (a “host”) binding another molecule (a “guest”) to produce a 
“host-guest” complex or supramolecule. Commonly the host is a large molecule 
or aggregate such as an enzyme or synthetic cyclic compound possessing a 
sizeable, central hole or cavity. The guest may be a monoatomic cation, a simple 
inorganic anion, or a more sophisticated molecule such as a hormone, 
pheromone or neurotransmitter. More formally, the host is defined as the 
molecular entity possessing convergent bindings sites (e.g. Lewis basic donor 
atoms, hydrogen bond donors, etc.). The guest possesses divergent binding 
sites (e.g. a spherical, Lewis acidic metal cations or hydrogen bond acceptor 
halide anion). 
 
 
1.2. Noncovalent interactions 
 
 The weak noncovalent interactions have a constitutive role in biological 
or biomimetic systems as well as in artificial supramolecular structures. 
Noncovalent or van der Waals interactions were first recognized by J. D. van der 
Waals in the nineteenth century [3]. Their role in nature has been unraveled only 
during the past two decades. In contrast to the covalent interactions that 
dominate in classical molecules, noncovalent interactions are weak interactions 
that bind together different kinds of building blocks into supramolecular entities 
[3-4]. Covalent bonds are generally shorter than 2Å, while noncovalent 
interactions function within range of several angstroms. The formation of a 
covalent bond requires overlapping of partially occupied orbital of interacting 
atoms, which share a pair of electrons. In noncovalent interactions, in turn, no 
overlapping is necessary because the attraction comes from the electrical 
properties of the building blocks. 
 
 The noncovalent interactions or van der Waals forces involved in 
supramolecular entities may be a combination of several interactions, e.g. 
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ion-pairing, hydrogen bonding, cation-p, p-p interactions etc. [1-5]. A wide range 
of attractive and repulsive forces is subsumed under term noncovalent.  
 
 Noncovalent interactions comprise interactions between permanent 
multipoles, between a permanent multipole and an induced multipole, and 
between a time?variable multipole and an induced multipole. The stabilizing 
energy of noncovalent complexes is generally said to consist of the following 
energy contributions: electrostatic (or Coulombic), induction, charge transfer, 
and dispersion. These terms are basically attractive terms. The repulsive 
contribution, which is called exchange-repulsion, prevents the subsystems from 
drawing too close together. The term induction refers to general ability of 
charged molecules to polarize neighboring species, and dispersion (London) 
interaction results from the interactions between fluctuating multipoles. In 
charge-transfer (CT) interactions the electron flow from the donor to the acceptor 
is indicated. The term van der Waals (vdW) forces is frequently used to describe 
dispersion and exchange-repulsion contributions, but sometimes also other long 
range contributions are included in the definition. All of these interactions involve 
host and guest as well as their surroundings (e.g. solvation, crystal lattice and 
gas phase).  
 
 
1.2.1. Ion pairing 
 
 In ion pairing (ion-ion, ion-dipole, dipole-dipole etc.) the driving force is 
electrostatic (Coulombic) interactions, which unquestionably play an important 
role in natural and in supramolecular systems [1,4]. Charges are heavily 
delocalized in organic ions, which complicate the theoretical analysis of ion 
pairing [4-6]. As a means to understand ion pairs, theoretical approaches to the 
association constant (Kass) based on Debye-Hückel theory have been 
developed by Bjerrum (spherical ions with point charges) and Fuoss (contact ion 
pairs). A numerical method introduced by Poisson permits the consideration of 
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solvent molecules, and the salt effect is well described by Manning`s counterion 
condensation theory [4,6]. Dipole-dipole interactions are interactions between 
permanently polar molecules or groups. For example, in molecules with carbonyl 
groups, alignment of one dipole with another can result in significant attractive 
interactions from matching of either a single pair of poles on adjacent molecules 
type I or opposing alignment of one dipole with the other type II [1]. 
 
Calculations have shown that type II interactions (Figure 2) have energy of about 
20 kJ/mole in the solid state but they are relatively weak in solution.  
 
C O
`R
R
CO
R
R`C O
`R
R
C
O
R R`
Type I Type II
d+ d-
d-
d-
d+
d+
d+
 
Figure 2. Dipole-dipole interactions between two carbonyl gropus. 
  
 
1.2.2. Hydrogen bonding 
 
Hydrogen bonding is a relatively strong and probably the most important 
noncovalent interaction [1,3-5]. Hydrogen bonding is one of important 
stabilization forces for supramolecular complexes. It happens between a 
hydrogen atom covalently connected to a strongly electronegative atom 
(hydrogen bond donor) such as oxygen, fluorine, or nitrogen, or even a carbon 
atom in some systems such as chloroform and paraquat derivatives, and an 
electronegative atom (hydrogen bond acceptor), such as oxygen, chlorine, and 
fluorine, which have at least one lone electron pair. A hydrogen bond can be 
represented as D-H¼A, where D and A represent hydrogen bonding donor and 
acceptor, respectively. The strength of the hydrogen bond depends on the angle 
of D-H¼A, and the distance between H and A. In order for hydrogen bonding to 
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arise, traditionally it is thought that the distance between H and A should be less 
than the sum of van der Waals radii of the hydrogen atom and the acceptor 
atom. 
D H
A D H
A
A
D
H
A
H
D
H
A
H
A
A
nearly linear bifurcated bifurcated three centre bifurcated 
Figure 3. Hydrogen bonds between donor D and acceptor A atoms. 
 
 Different types of H-bonds are presented in Figure 3 where the two last 
types are the less frequent ones [4]. Properties and a common classification of 
the H-bonds in terms of strength are represented in Table 1.  
 
Table 1. Classification and some properties of hydrogen bonds [1]. 
Strong Moderate Weak D-H-----A 
interaction Mainly covalent Mainly Electrostatic Electrostatic 
Bond energy 
( kJmol -1) 
60?120 16?60 < 12 
Bond lengths 
(Å): H-----A 
1.2?1.5 1.5?2.2 2.2?3.2 
D-------A 2.2?2.5 2.5?3.2 3.2?4.0 
Bond angle  175?180 130?180 90?150 
Examples Gas phase dimers 
with strong acids/ 
bases, HF complexes 
Acids, Biological 
molecules 
C-H--N/O and N/O
?H--p hydrogen 
bonds 
 
The concept of hydrogen bonding has also been extended to the weaker C?H¼O 
type, which has been studied systematically only recently [7-11].  
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1.2.3. Cation?p interaction 
 
 In cation?p interactions surprisingly strong forces are found between 
cations and a p?face of an aromatic structure [1,3,4,11]. Electrostatic forces 
appear to play the dominant role in the cation-p interaction, though modern 
theories also involve additional terms such as induced dipole, polarizability, 
dispersion and charge-transfer. The role of electrostatic interactions and the 
charge distribution of aromatics are illustrated in Figure 4, where the quadrupole 
moment of benzene is shown in emphasized form.  
HH
H
+
++
H
+
 
Figure 4. Schematic drawing of cation-p interactions showing the contact of K? 
ion and benzene. The quadrupolar moment of benzene is represented as two 
opposing dipoles. 
 
1.2.4. Aromatic p-p interaction 
 
p?stacking interactions are weak electrostatic interactions between 
aromatic rings, often in situations where one is relatively electron rich and the 
other is electron poor [1,4,15,16]. The stabilizing energy of p-p interactions also 
includes induced dipole and dispersion contributions. There are two types of p?
stacking interactions: face-to-face and edge-to-face as shown in Figure 5a. The 
latter is actually a C-H-p interaction (the C-H bond generally having a small 
dipole moment). The attraction in these two orientations comes from the 
interaction between positively charged hydrogen atoms and negatively charged 
p-face of aromatic system. The perfect facial alignment of face-to-face 
orientation is unlikely because of the electrostatic repulsion between the two 
negatively charged p-systems of aromatic rings illusted in Figure 5b. The 
distance between the aromatic p-p faces is about 3.3-3.8?. 
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Figure 5. (a) The limiting types of aromatic p-p interactions: face-to-face 
(interplanar distance about 3.3-3.8?) and edge-to-face orientations. (b) The 
repulsion between negatively charged p-electron clouds of facially oriented 
aromatic rings. 
 
1.3. Hosts for cationic guest molecules 
 
Important to the progress of supramolecular host-guest chemistry has 
been the development of artificial receptors capable of forming complexes with 
specific guests [1-5]. In designing a suitable host we have to consider 
parameters like host size, charge, character of the donor atoms etc. according to 
the properties of target molecules. The optimal preorganization of host and guest 
is attained if the complementarity of the binding sites of host and guest match 
properly. Solubility characteristics of host also have a fundamental role in 
complexation.  
 
1.3.1. Neutral hosts 
 
Suitable neutral host types known for binding cationic molecules are e.g. 
calixarenes, crown ethers, cryptands, podands and cyclophanes. These hosts 
typically interact with cations through hydrogen bonding, cation-p or p-p 
interactions.  
 
Cryptands, or polycyclic ligands, form complexes with both metal cations 
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and organic cations [12-13]. Most studies so far have been concerned with 
the complexation of alkali, alkaline earth, silver, thallium cations and 
nonmetallic ammonium cations.  
 
Podands are open-chained hosts; whose specific cation selectivity and other 
properties make them useful structures to compare to crown ethers 
[14,15,16]. Study of the structural variations of podands led to the 
development of the “end-group concept”. Further development of 
podand-type structures includes dendrimers [17]. 
 
Cyclophanes are organic molecules containing bridged aromatic rings and 
they usually contain a molecular cavity [4,18]. Typically, cyclophane hosts 
bind both organic cations and neutral molecules [19]. The cyclophane 
framework has provided the basis for molecular tweezers [20-22] and so 
called electron-rich cyclophanes [23]. 
 
Crown ethers are macrocyclic ligands discovered by Pedersen 1967 [1,4]. 
The important characteristics of crown ethers are the number and type of 
donor atoms, the dimension of the macrocycle cavity and the 
preorganization of the host molecule for most effective coordination with 
metal ion, Figure 6.  
OH
O
O
OH Cl
O
O
Cl
+
O
O
O
O
O
O
KOH, heat
THF
 
Figure 6. Formation of crown ethers:  Triethylene Glycol + triethylene glycol 
dichloride. This gives 18-Crown-6, 1,4,7,10,13,16-Hexaoxacyclo octadecane. 
 The so-called “macrocyclic effect” of crown ethers is related to the last 
two characteristics. Crown ethers are well known for their binding strengths and 
selectivities towards alkali and alkaline earth metal cations [12]. Their 
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complexation with organic ammonium [13], arenediazonium[24-26], guanidinium 
[26-29], tropylium [30] and pyridinium [31] cations has also been studied. Crown 
ethers are used in analytical separations, the recovery or removal of specific 
species, ion selective electrodes, biological mimics and reaction catalysts. 
O
O
O
O
O
O
Cs+
 
Figure 7?Metal complexation by crown ether. 
 
 Calixarenes are a special class of cyclophanes known for their basket-like 
conformation, Figure 8. The calixarenes, and their derivatives and chemical 
modifications, have been widely used in binding alkali, alkaline earth and 
metallic ions [32-34], aromatic ammonium cations [35-36] and acetylcholine 
[35,37].  
OH
+
OH
OH
OH
HO
NaOH
heated
t-Bu
t-Bu
t-Bu
t-Bu
t-BuHCHO
 
Figure 8. Formation of calixarenes: Phenol reacted with formaldehyde and 
NaOH. 
 
 
 
Calixarenes possess a hydrophobic cavity able to encapsulate neutral 
molecules [38] or charge-diffused quarternary ammonium ions (Quats) [39]. The 
 Negative charge concentrated 
in the cavity of the molecule. . 
 Forms stable lewis acid/lewis  
base with complex. 
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introduction of suitable donor groups at the lower rim of calixarenes produces 
powerful and selective ionophores, particularly for spherical metal ions [40]. 
Extensively studied are the calix[4]arene podands and the calix[4]crowns whose 
efficiency and selectivity are modulated by the conformational features for the 
calix[4]arene skeleton [41]. In addition to the lower rim, calixarenes have 
reactive para positions on the aromatic nuclei (upper or wide rim), which have 
also been used for anchoring binding groups, catalytic centers or other functional 
units. 
 
 
1.3.2. Heterocyclic compounds 
 
When the ring system in organic compounds contains at least one other 
element (e.g. N, O, S, B, Si) other than carbon, it is classified as heterocyclic [42]. 
At least one heterocyclic ring component is found in about 50% of known organic 
compounds. The most common heterocyclic systems contain heteroatoms N, O 
or S and good examples of these are six-membered heterocycle pyridine and 
five-membered heterocycles pyrrole, furan and thiophene [42]. Pyridine is one of 
the most common and best-known heterocycles. It is an excellent polar solvent 
and act as a donor ligand in metal complexes. In a nicotinamide, pyridine is a 
structural part of an important coenzyme, and the tobacco alkaloid nicotine is 
perhaps the best-known naturally occurring pyridine derivative. Pyrrole occurs 
widely in nature and is a structural part of porphyrin haeme, chlorophyll and 
vitamin B12. Furan is found in coal tar, and some terpenoids such as rose oil, 
contain the furan ring in their chemical structure. The reduction of furan leads to 
the heterocyclic ether tetrahydrofuran(THF), which is widely used as an organic 
solvent. Thiophene, which is a sulfur containing heterocycle, occurs in nature in 
some plant products but its greater importance ingredient in synthetic 
pharmaceuticals and dyestuffs. N−Heterocycles were involved at the very 
beginning of life in the genesis of DNA and play an essential role in many living 
systems. The nucleic acid bases adenine(A), guanine(G), cytosine(C) and 
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thymine(T) are derivatives of the aromatic N−heterocycles pyrimidine and purine 
[43-44]. The base pairing of DNA by H-bonding is illustrated in Figure 9. Proteins, 
which are linear chains of α-amino acids, are other important biological 
macromolecules. One of the essential amino acids, histidine, contains a 
heterocyclic imidazole ring in its chemical structure. Also histamine, which is a 
decarboxylation product of histidine has an important role in living systems, e.g. 
as a contracting agent of smooth muscles and as a substance involved in 
allergic reactions. The other important amino acid tryptophan and many naturally 
occuring alkaloids are indole derived structures [43]. In tryptophane the 
heteroaromatic indole residue has appeared preference for cation-p and p-p 
interactions [11].  
N
N
N
N
O
N
H
H
H
N N
O
N
H
H
Deoxyribose
Deoxyribose
N
N
N
N
NH H
N
N
CH3
H
O
O
Deoxyribose
Deoxyribose
N
CH2 CH
NH2
COOH
H
N
CH2 CH
NH2
COOH
H
N
N
CH2 CH2NH2
G C
A T
Histidine
Histamine
Tryptophan  
Figure 9. The H-bonding systems of DNA base pairs between guanine(G) and 
cytosine(C), and adenine(A) and thymine(T). In addition the chemical structures 
of histidine and tryptophan proteins are shown. Histamine is a decarboxylation 
product of histidine. 
 
Most of the important heterocycles mentioned here are aromatic [42-43]. 
According to the Hückel rule a monocyclic system containing 4n+2 p-electrons 
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(n=0,1,2) is classified as aromatic. Figure 10 shows the orbital structure of the 
five-membered aromatic system imidazole. Other criteria of aromaticity are bond 
lengths, ring current effects and chemical shifts in 1H NMR spectra [42]. All the 
heterocycles selected for study in this work are aromatic 6p-electron systems. 
 
N
N
. ..
..
..
. H
H
H
H
 
Figure 10. An example of a five-memberered N-heteroaromatic 6p-electron 
system. Protonation of imidazole occurs on the lone pair of the nitrogen (in the 
plane of the ring) and does not change the number of p-electrons. 
 
 
1.4. Ditopic receptors  
 
 Di- or polytopic receptors are host molecules constructed with two or 
more structurally and energetically similar binding subunits within the same 
macrocyclic structure; such host can be homotopic (containing chemically similar 
binding sites) or heterotopic (containing chemically different sites). Once 
recognition of each binding subunits has been identified, the ability of multiple 
recognition and mutual effects of binding subunits occupation provide entries to 
higher forms of molecular behavior such as cooperativity, allostery and 
regulation, as well as communication or metal transfer. However, rare examples 
of receptors containing appropriate covalently linkide binding sites for anions 
and cations include Lewis-acid [45], uranyl [46], polyammonium [47] centers 
combined with crown ether moieties and crown ether or urea functionalized 
calix[4]arene ionophores [48] which are capable of solubilizing alkali metals salts 
into organic solvent media. The charged or neutral transition metal 
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organometallic and coordination amide containing receptor systems can 
selectively bind and sense anions [49]. The bifuctionalized calix[4]arenes that 
are capable of binding and transporting simple salts, like KH2PO4, CsCl, and 
NaH2PO4, have been reported [50]. 
 
 
1.4. 1. Ditopic receptors for ions separation 
 
Most salt receptors in the literature bind the cation and the anion as 
spatially separated ions. Early examples are receptors 10(a) and 10(b) that were 
developed by groups lead by Reinhoudt [51] and Beer [52], respectively are 
presented in Figure 11. In both cases, the metal cation binds to the crown ether 
rings and the anion binds simultaneously to the Lewis acidic uranyl center in the 
case of 11(a), and to the amide NH residues in the case of 11(b). A more recent 
example is Kilburn’s ditopic receptor 11(c), which coordinates the metal cation 
via the calixarene oxygens, and binds the anion in a hydrogen bonding pocket 
formed by the two thiourea groups [53]. A conceptually different receptor for 
separated ions is Gellman’s macrocyclic phosphine oxide 11(c) [54]. Hydrogen 
bonding with a monoalkylammonium cation on one face of the macrocycle 
induces receptor polarization and preorganization, which promotes association 
with a Cl- counter-ion on the reverse face. In other words, the receptor is inserted 
between the two ions.  
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Figure 11. Ditopic receptors.  
 
A fascinating property with some of these ditopic salt receptors is the 
feature of complexation by induced fit; that is, the binding of one ion induces a 
major conformational change in the receptor such that affinity for the counter-ion 
is improved. The mechanism is conceptually related to the allosteric action of 
enzymes and biological receptors. Two examples are illustrated here. The first is 
the Lockhart system 11(d) where the central polyamine linker wraps around a Cl- 
anion, which brings the two benzo-5-crown-15 ether rings together and allows 
them to bind a K+ cation [55]. The second example is Kubo’s receptor 11(e) 
which acts in reverse, that is, the dibenzo-30-crown-10 wraps around a K+ cation 
and forms a preorganized binding pocket for a phosphate dianion [56]. 
 
 
1.4.2. Ditopic receptors for associated ion-pairs 
 
A potential drawback with ditopic receptors that bind salts as separated 
ions is the Coulombic penalty that must be paid to enforce charge separation. 
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This problem is circumvented if the receptor binds the salt as an associated 
ion-pair; thus, ditopic receptors for associated ion-pairs are expected to have 
generally superior affinities. However, the design of convergent heteroditopic 
receptors is quite a challenge because the ion binding sites have to be 
incorporated into a suitably preorganized scaffold that holds them in close 
proximity, but not so close that the sites interact. One of the first successful 
examples of a ditopic salt receptor for associated ion-pairs in Figure 12a 
reported by Reetz [57]. The Lewis acidic boron atom can form a reversible bond 
with an F- anion, which promotes simultaneous coordination of a K+ cation by the 
oxygen atoms in the surrounding crown ether. Other early examples are the 
Kilburn macrobicycle illusted in Figure 12b, which appears to bind the 
mono-potassium salts of dicarboxylic acid acids as contact ion-pairs, [58] and 
receptor in Figure 12c which was shown by X-ray diffraction to complex NaCl as 
a solvent separated ion-pair [59].  
N
H
N
H
OO
N NOO
O O
N
H
N
H
OO
OO
O OO
O
O
O
OO
N NH3C CH3
12(b) 12(c)
O
O
O
O
O
O
B OO
12(a)  
Figure 12. Ditopic receptors 
 
A growing area of supramolecular research is the topic of controlled 
selfassembly, and a number of groups have shown how salts can be used to 
template the dimerization of receptors with water often acting as a stabilizing 
agent [60-61]. In some cases, the assembled aggregate is large enough to act 
as a capsule and completely encapsulate both ions of the salt [62]. A related 
design is the so-called “venus fly trap” capsule. An example of this design was 
recently reported by Atwood and coworkers, who showed that an extended, 
deep-cavity resorcinarene derivative can completely encapsulate a NMe4+ cation 
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with a Cl- anion positioned by hydrogen bonding at the capsule entrance which is 
represented as schematic in Figure 13 [63]. 
+
 
Figure 13. Ditopic receptors. 
 
1.4. 3. Ion-pair recognition using ditopic receptor 
 
As stated above, the most effective way to enhance salt binding by 
electrostatic effects is to use a receptor that binds the salt as a contact ion-pair. 
Smith group prepared the simple ditopic receptor and evaluated its ability to bind 
salts as associated ion-pairs [64-65], represented in Figure 14. They discovered 
that the receptor is able to extract a wide range of monovalent salts into weakly 
polar solvents.  
NH HN
OO
N N
OO
O O
t-Bu
a
A-
M+
b
c
d
e
f
 
Figure 14. Ditopic receptors. 
 
1.5. Allostericity 
  
The allosteric regulation of ligand binding to proteins is the principal 
regulatory mechanism in living systems on the molecular level. The allosteric 
effect means the situation when the binding of one ligand at its binding site is 
influenced by the occupation of another binding site by another identical 
Shofiur Rahman                                                     Saga University, Japan 
 17 
(homotropic effect) or different(heterotropic effect) ligand (effector). In biological 
systems, the allosteric effect is usually considered for oligomeric proteins, e.g., 
hemoglobin, and reflects interactions between subunits, Figure 15. In chemistry, 
it is studied with low-molecular-weight receptors possessing two or more binding 
sites, the interaction between which is mediated by conformational changes 
induced in the receptor upon occupation of one site. The positive allosteric effect, 
when the occupation of one site increases the affinity to the ligand on the other 
site, leads to positive cooperativity in ligand binding and may be used for 
amplification of the signal produced by the effector. Allosteric regulation is a 
possible way to operate molecular switches, and it is important for the 
functioning of molecular machines. The modeling of active sites in enzymes 
(biomimmetic receptors) has application in many areas of science. Investigations 
into the active site of carbonic anhydrase have been carried out using 
polyaza[n]paracyclophanes, as illusted in Figure 16. When complexes to Zn, its 
catalytic activity in the hydrolysis of p-nitrophenyl acetate has been measured. It 
was found that small modifications (replacing a sencondary amine with a tertiary 
species) had large effects on the overall catalytic activity. 
 
Figure 15. Allosteric effect. 
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Supramolecular chemists have developed artificial allosteric systems in which 
negative or positive cooperativity or noncooperativity is induced by metal-binding, 
neutral substrate complexation, conformational changes and subunit 
aggregation.  
N
H
HN
HN
H
N  
Figure 16. Biomimetic Receptor. 
 
1.6. Calixarenes 
 
The name “calixarenes” was introduced by Gustche [66] for cyclic 
oligomers, which were obtained from the condensation of formaldehyde with 
p-alkylphenols under alkaline conditions. The use of this word (“calix” means 
“beaker” in Latin and Greek, Figure 17, was suggested in particular by the shape 
of the tetramer, which can (and generally goes) adopt a bowl- or beaker-like 
conformation which indicates the possibility of the inclusion of “guest” molecules. 
Calixarenes are macrocyclic molecules, like crown ether and cyclodextrin. 
 
Figure 17. p-tert-Butyl-calix[4]arene resembles a calix crater vase in shape [66]. 
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Calixarenes made up the phenol and methylene units have many 
conformational isomers because of two possible rotational modes of the phenol 
unit, shown in Figure 18, the oxygen-through-the annulus rotation and the 
para-substituent-through-the annulus rotation.  
 
R2
O
R1
CH2 n
Para-substitute-through-the-annulus rotation
Oxygen-through-the-annulus rotation
 
Figure 18. Two different modes for inversion of the phenyl units. 
 
Two regions can be distinguished in calixarenes, viz. the phenolic OH groups 
and the para positions of the aromatic rings, which are called respectively the 
“lower rim” and the “upper rim” of the calix (both rims can easily be selectively 
functionalized) as shown in Figure 19. In calix[4]arene, adjacent nuclei have 
been named “proximal” or (1,2) whereas the opposite ones are in “distal” or 
diametrical” (1,3) positions. 
 
 One of the most fascinating aspects of calixarenes lies in the variety of 
conformations which can assume; these results from the (more or less) free 
rotation about the s bonds of Ar-C-Ar groups. In the case of calix[4]arenes, four  
relative orientations of the phenol units shown in Figure 20 can be assumed. 
Gustche has introduced the terms “cone”, “partial cone”, “1,2-alternate”, and 
“1,3-alternate” which are generally accepted today, to these basis conformation. 
They differ with respect to the position of the phenolic OH groups (and the 
p-positions) with respect to the molecular plane (here easily define by the C, 
atoms of the methylene bridges). A reference of plane of the type is also clearly 
defined in the case of calix[5]arene, but not for larger oligomers: the 
conformation of the latter has been described in the literature in a 
correspondingly bewildering manner. 
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Figure 19. Anatomy of a calix[4]arene in the cone conformation. 
 
Although eah phenol unit can rotate according to the oxygen-through-the 
annulus rotation mechanism, they favorably adopt a cone conformation because 
of the stabilization by intramolecular hydrogen-bonding interactions among OH 
groups [67]. Therefore, the p-tert-butylcalix[4]arene adopts C4n symmetry and 
has a p-basic cavity in the upper rim. The conformation in which calix[4]arene is 
fixed upon derivation depends on the temperature, the solvent, the base, the 
para substituents of the calixarenes, and the reactivity of the electrophile. 
 
Figure 20. Four stable conformations of calix[4]arenes. 
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1.6.1. Inclusion properties of calixarenes 
  
Calixarenes are extremely versatile host framework and, depending on 
their degree of functionalization, may act as host for cations, anions and neutral 
molecules, are represented in Figure 21. Cation selectivity and ionophoric 
activity of calixarene-based receptors and carriers have been shown to depend 
on several factors, including the ring size of the calixarene skeleton, its 
conformation and conformation mobility, lipophilicity, the chemical nature (donor 
ability), spatial arrangement of binding functionalities, and the degree of 
preorganization of receptor [68]  
 
 One of the most important properties of calixarenes is without doubt their 
ability to include smaller molecules and ions reversibly. Although the parent 
compounds form inclusion compounds in the solid state with such different guest 
as arenes(benzene, anisole, pyridine, toluene), acetone, chloroform, acetonitrile, 
methanol, and water, in solution their derivatives have become important as host 
molecules of ligands [69]. Chemical modification of calixarenes does not only 
permit the synthesis of new host molecules by the introduction of additional 
functional groups, it also allows control of the conformation of calixarenes and 
hindrance of conformation inversion. In this respect calixarenes are greatly 
superior to other macrocyclic molecules such as crown ether or cyclodextrins.  
 
Figure 21. Examples of calixarene-guest complexes. 
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1.6.2. Calixarene-based multivalent ligands 
 
 Multivalency is a powerful concept which explains the strong binding 
observed in biological systems and guides the design and synthesis of ligands 
for self-assembly and molecular recognition in chemistry [70]. Multivalent 
interactions involve the simultaneous interaction between multiple (two or more) 
functionalities on one entity and complementary functionalities on another [2]. 
Multivalent interactions are involved in a variety of biological processes such as 
cell signaling, pathogen identification, and inflammatory response [71-72]. For 
mechanistic studies of multivalent interactions, receptors anchored on a surface 
offer several advantages over receptors in solution. One of the main advantages 
is the relative ease of the preparation of the building blocks, because a 
monovalent receptor becomes multivalent upon immobilization. A second 
important advantage is that the binding strength is enhanced in multivalent 
complexes compared to the corresponding monovalent parent.  
 
In biology a ligand is usually a low molecular weight species which 
interacts with a high molecular weight biological entity (receptor, enzyme, 
nucleic acid, etc.), whereas in supramolecular chemistry this term is used in a 
broader sense, indicating any species which self-associates or binds to other 
species through noncovalent interactions. In order to enhance the binding 
efficiency and selectivity of the designed ligands, chemists usually try to optimise 
the complementary matching (in terms of size and nature of binding forces) 
between the interacting species. However, quite recently they started to take 
advantage of a new powerful concept, multivalency, which is the ability of a 
particle (or molecule) to bind another particle (or molecule) via multiple 
simultaneous noncovalent interactions [73] are represented in Figure 22. 
Multivalent interactions usually result in high specificity and in thermodynamic 
and kinetic stability (much higher than those arising from a simple monovalent 
interaction). They control many important biological processes [73-74] such as 
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the adhesion of cells, viruses/bacteria or antibodies/macrophages to the cell 
surface. Nature exploits multivalency to convert relatively weak interactions (e.g. 
carbohydrate-protein interactions) into strong and specific recognition events. In 
the biomimetic approach to drug design, multivalency has also been exploited to 
successfully obtain inhibitors of some of these pathogens, allowing the 
development of therapeutic agents able to neutralize bacterial toxins or to 
prevent viral or bacterial infections. In the last decade, also workers in the held of 
supramolecular chemistry became more and more interested in applying the 
multivalency concept to the recognition of biologically important molecules and 
to nanotechnology. Multivalency, in fact, has different and attractive features 
common to the supramolecular concept of self-assembly, such as reversibility, 
self-sorting and self-repairing and the possibility to reach high thermodynamic 
and kinetic stability [75].  
 
 
Figure 22. Example of monovalent vs. multivalent complexes 
 
Virtually any of the noncovalent interactions can be used to form multivalent 
complexes. Moreover, supramolecular systems, sometimes simpler than the 
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natural ones, can help the understanding and quantitative description of the 
multivalent effect [76]. A multivalent ligand consists of a main core, called the 
scaffuld, bearing several covalent connections, linkers or spacers to the 
peripheral ligating (binding) units are showns in Figure 23. Recently, Reinhoudt 
et al reported a new concept of the surface-enhanced expression on multivalent 
species at interfaces using two types of orthogonal noncovalent interactions 
between b-cyclodextrin(CD) host-guest and metal ion-ethylene coordination 
motifs [77]. Multi-armed calixarene-based ligands, potentially able to give 
multivalent interactions, can be conveniently obtained also by functionalising the 
macrocycle with amino acids or small peptides [78] which are well known for 
their tendency to form a-helix and b-helix superstructures and are involved in 
numberless recognition phenomena at biological level.  
 
 
Figure 23. Different topologies of multivalent ligands, a) 1-D linear arrangement; 
b) 2-D Cyclic/macrocyclic; c) 3-D cavity containing Scaffolds (cyclodextrins/ 
calixarenes); d) polymers/ peptoids; e) particles/dendrimers/liposomes; f) 2-D 
self-assembled monolayers (SAM) on Au/quartz. 
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Figure 24. Schematic representation of possible binding mode of multivalent 
calixarene ligands in bionanotechnology. 
 
For many years calix[n]arenes(n=4-8), like cyclodextrins and crown ether, 
have played an important role in supramolecular chemistry, mainly as hosts for 
ions and neutral molecules. More recently, they have been used as platforms for 
the synthesis of multivalent ligands, thanks to the fact that they possess from 4-8 
reactive positions at the upper rim (aromatic nuclei) and the same number of 
reqactive OH groups at the lower rim, which can able all functionalized with 
identical or different binding units. This circumstance has given a biological 
prospective to the research in the filed of calixarenes and illustrate the potential 
of this approach in the rapidly grown filed of bionanotechnology (Figure 24), 
whose aim is to develop new tools for biology, new biomaterials, selective 
sensors and supramolecular devices for clinical analysis, new therapeutics and 
smart drug delivery systems. 
 
 
1.7?Calixarene analogues  
 
 Calixarenes of the general structure was constituted with the phenol groups 
and the bridge methylene linkage. When the methylene groups of the bridge 
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linkage were changed to other functional groups partially or totally, they are 
composed to the calixarene analogues as shown Figure 25. 
Homooxacalix[3]arenes represent a new class of macrocyclic receptors 
analogous to calixarenes [79] where small or all methylene bridges between the 
aromatic rings are resplaced by CH2OCH2 moieties. For example, the 
homocalixarenes with bridge linkage as CH2CH2 [80] or CH2CH2CH2 [81-82], 
and the hetero analogues as CH2OCH2 [83], CH2SCH2 [84] or CH2NRCH2 [85] 
as well as the newest cyclic analogues using the S as bridge linkage [86]. All of 
these calixarene analogues have the similar characteristic to that of calixarene. 
Furthermore, with different bridge linkage, they have special properties brought 
by these linkage substituents respectively. 
S
S S
S
HOOH
OH
OH
Thiacalix[4]arene
HO
OH
OH
Homocalix[3]arene
NN
N
HO
OH
OH
Homoazacalix[3]arene
R
R
R
 
Figure 25. Calixarene analogues 
 
 In the case of oxygenated analogues, named homooxacalixarenes, the 
relation to calixarenes is not only a formal one, some of these compounds are 
actually formed together with true calixarenes upon heating of alkaline mixtures 
of phenols and formaldehyde. Three compounds in this series are relatively 
well-known materials are presented in Figure 26, while the isolation of a small 
sample of the pure compound only has been reported in the case of 
homooxacalix[4]arene.  
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Figure 26. Homooxacalixarenes 
 
In comparison with the structural characteristics of the calixarene family, 
homooxacalix[3]arene is more attractive for the following reasons: (1) 
Homooxacalix[3]arene has a cavity composed of an 18-membered ring, which is 
comparable with that of calix[4]arene composed of a 16-membered ring; (2) the 
rate of ring inversion for homooxacalix[3]arene derivatives should be much 
faster than that for calix[4]arenes because of the flexibility of the ethereal 
linkages; (3) there are only two possible conformation, cone and partial-cone, in 
contrast to four possible conformations in calix[4]arenes, so that the 
conformational isomerism is much more simplified; (4) ethereal ring oxygens 
may act cooperatively with phenolic oxygens upon the binding of metal ions; and 
(5) the basic structure has C3 symmetry which is expected to be particularly 
useful for the design of receptors for RNH3+. 
 
In another case of sulfur analogues, thiacalix[4]arene Figure 25, the bridge 
linkage is S instead of the CH2. In comparison to the structural characteristics of 
the calixarene family, it is also more attractive for the following reasons: (1) 
although both thiacalix[4]arene and calix[4]arene are composed of a 
16-membered ring, the ring size of thiacalix[4]arene is larger than that of 
calix[4]arene because of the longer covalent bond length C-S than C-C; (2) 
because of the larger electron density of covalent bond C-S than that of C-C and 
the electron lone pairs on S, thiacalix[4]arene has the cavity composed by calix 
benzene ring with higher p electron density contributed by C-S than 
calix[4]arene; (3) ring linkage containing sulfurs may act cooperatively with 
Shofiur Rahman                                                     Saga University, Japan 
 28 
phenolic oxygen upon the binding of metal ions; and (4) because of the potential 
oxidation of S of the bridge linkage to SO and SO2, it is possible to modify the 
linkage and change the properties of cavity formed by calix benzene rings, which 
is superior to any other calixarenes. 
 
However, almost no attention has been paid to the calixarene analogues as 
a class of compounds. In this thesis, we try to make some detailed discussion on 
these calixarene analogues. We systematically investigate the complexation 
mode, hydrogen bonding, conformation, by using the benzyl, imidazole, 
bipyridine, amide, urea (thiourea) functional groups in the homooxacalix[3]arene 
and thiacalix[4]arene moieties.   
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Chapter 2  
 
Synthesis and inclusion properties of O-tris(benzyloxy) 
hexahomotrioxacalix[3]arenes 
 
2.1. Introduction 
 
Introduction of larger alkyl groups on the phenolic oxygens of 
calix[4]arenes led to a situation
 
where the OR groups within a cyclophane ring 
cannot pass each other by oxygen-through-the-annulus rotation [1]. Although 
there exist four possible conformational isomers in calix[4]arenes; i.e. cone, 
partial-cone, 1,2-alternate and 1,3-alternate, only two different conformational 
isomers, "cone" and "partial-cone" should be expected in hexahomotrioxa- 
calix[3]arene. Thus, the conformational isomerism is much simpler than that of 
O-alkylated calix[4]arenes. Calixarene and homotrioxacalix[3]arene derivatives 
with C3 or C6 symmetry are known to be selective in the recognition of primary 
organic ammonium ions [2]. Since organic primary ammonium ions act as C3 
symmetrical proton donors, receptors bearing a C3 symmetrically arranged 
proton acceptor site interact with primary ammonium ions. Moreover, the 
hydrophobic cavities generated by the aromatic walls of phenol residues of 
these derivatives are potentially useful for the inclusion of non-polar moieties of 
organic ammonium ions. Among homooxacalix[3]arene triether was especially 
useful for the constructing an electrode selective in dopamine, one of the 
biogenic amines [3]. Dopamine receptors(DR), a member of the super family of 
G-protein coupled receptors, are known to play an important role in cellular 
signaling processes responsible for information transfer in neurons functions in 
the nervous system [4]. The DRs may be subdivided based on their 
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pharmacological behavior into the D1-like and the D2-like subfamilies and these 
are also ideal targets for treating schizophrenia and Parkinson’s disease. 
Despite the biological importance, their exact binding mechanisms in the 
biological systems are yet to be understood completely. Meanwhile, 
considerable efforts have been focused on the development of artificial DRs in 
order to unravel dopamine binding mechanisms at the molecular level in 
biological systems [5]. Consequently, a sizable number of artificial receptors 
have been developed to date. The structural feature of most of these artificial 
DRs, however, are far from those in biosystems and provide a single binding site 
either for the ammonium ion or the catechol hydroxy groups of dopamine in 
organic solutions [6], or in aqueous solutions [7]. Cation-p electron interactions 
are known to play an important role in the recognition of positively charged 
guests by the electron rich p-systems of natural and synthetic hosts. Katsu 
[8a-d] and Odashima [8e] reported that homooxacalix[3]arene derivatives useful 
for the constructing a serotonin-selective membrane electrode [8]. Recently, we 
reported the construction of C3 symmetry functionalized hexahomotrioxa- 
calix[3]arenes, which selectively recognize organic primary ammonium ions [9]. 
The organic ammonium ion bonding affinity was depended on the calix[n]arene 
ring size and the substituents, which suggested that the selective recognition of 
a certain type of alkylammonium ions over others could be achieved by 
optimizing the steric and electronic influence of the substituents. An efficient 
recognition system for alkylammonium ions such as n-butylammonium and 
2-phenethylammonium ions is valuable in clinical application [10(d)], because 
they are structural motifs in biologically important amines such as GABA and 
dopamine [10]. The selective recognition of isomeric butylammonium ions has 
been reported recently by Pappalardo [11] using calixarene-based receptors. A 
dramatic increase in selective was observed in going from calix[6]arene to 
calix[5]arene-based receptors, demonstrating a crucial complementary 
interaction between a host and a guest for a successful molecular recognition. In 
this regards, benzyl substituted homooxacalix[3]arene based receptors 3 
provide a great opportunity to examine the steric and electronic interactions 
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between the receptor and the guest molecules of alkyl ammonium ion, dopamine, 
serotonin and 2-phenylehtlamine. On the basis of our experience in the filed in 
supramolecular recognition with functionalized homooxacalix[3]arene receptors 
[9], we reasoned that this receptor should be an ideal candidate for the 
recognition of dopamine, serotonin and 2-phenylethylamine as its ammonium 
salt, because C3-symmetric phenyl substituted hexahomotrioxacalix[3]arene 
receptor can provide both a complementary binding geometry for the guest 
ammonium ions and a preorganized hydrophobic calix cavity, albeit very flexible, 
for the guest phenylethyl moiety. The proposed binding mode of receptor cone-3 
is shown in Figure 1a. The phenyl groups at the lower rim of the receptor cone-3 
were introduced for dual purposes, the one obvious reason is to preorganized of 
the receptors into C3-symmetrical conformation and the other is to provide 
enhanced to the cation-p interactions between the ammonium ions and phenyl 
groups. Through the phenyl substitute of the receptors may provide a highly 
preorganized and reasonably “rigid” hydrophobic environment, suitable for 
binding the hydrophobic moiety of guest organoammonium ions. Thus, from 
Figure 1a, it can be seen that the receptor design is intended to provide a 
preorganized hydrophobic pocket-like environment to the guest amine’s moiety. 
The receptor is expected to bind dopamine in a 1:1 fashion via hydrogen 
bonding between the ether linkage of the receptor and the ammonium ion of the 
guest dopamine, serotonin and 2-phenylethylamine. Additionally, the enhanced 
of the hydrogen bonding, via cation-p interactions between the guest 
ammonium ion and phenyl groups at the lower rim of the receptor cone-3. Also, 
cation-p interactions between the ammonium and calix benzene ring of the host 
are expected to have a stabilizing influence on the host-guest complexation 
process.  
 
 Recently, Shinkai et al reported on the influence of O-substituents on the 
conformational isomerism of hexahomotrioxacalix[3]arenes in detail [12]. They 
have established that interconversion between conformers, which occurs by 
oxygen-through-the-annulus rotation, can be sterically allowed for methyl, ethyl, 
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and propyl groups whereas it is inhibited for butyl group [12c]. In their studies on 
the conformer distribution of hexahomotrioxacalix[3]arene. They reported that 
the partial-cone is sterically less crowded than the cone and therefore formed 
predominantly in spite of choosing the O-alkylation conditions. On the other 
hand, the cone results only when template metal, which strongly interacts with 
phenolic oxygens, such as ethoxycarbonylmethyl or N,N-diethylamino- 
carbonylmethyl group, is present in the reaction system [12a,d]. However, the 
selective introduction of benzyl group on the phenolic groups has not yet been 
accomplished.  
 
 In this chapter the selective synthesis of tris(benzyloxy)hexahomo- 
trioxacalix[3]arenes 3 with cone and partial-cone conformation by O-benzylation 
of hexahomotrioxacalix[3]arene 1(C) and on the inclusion properties with alkyl 
ammonium ions, dopamine, serotonin and 2-phenylethylamine are described. 
 
2.2. Results and discussion 
 
 Hexahomotrioxacalix[3]arene 1[1] was O-alkylated with benzyl bromide in 
the presence of Cs2CO3 to yield one pure conformational isomer, partial-cone-3 
as a major product, while the other possible isomer cone-3 was not observed. In 
contrast, a similar reaction was carried out in the presence of K2CO3 to yield a 
mixture of two conformers of tri-O-alkylated product 3 in a ratio of 4:96 (cone-3: 
partial-cone-3) in 70% yield. The cone-to-partial-cone ratio of 3 increased in the 
presence of NaH to 75:25 (cone-3: partial-cone-3) in the O-substitution of triol 1. 
However, attempted O-benzylation of triol 1 with large excess of benzyl bromide 
(20 equiv.) in the presence of Na2CO3 failed. Only the starting compound was 
recovered in almost quantitative yield. 
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Table 1. O-Substitution reaction of triol 1 with benzylbromide
Run         Base      Solvent                        cone         partial-cone
1             NaH            THF-DMF                75(45)            25(16)   
2             Na2CO3         Acetone                    0
c                   0
3             K2CO3           Acetone                    4                  96(82)
4             Cs2CO3         Acetone                     0                100(86)
Distribution(%) a,b
 
aRelative yields determined by 1H NMR spectra. bIsolated yields are shown in 
squre brackets.cStarting compound 1 recovered in quantitative yield. 
 When a stronger base was employed (e.g. NaH rather than Cs2CO3), the 
template metal can hold the benzyl group(s) and the oxide group(s) on the same 
side of the hexahomotrioxacalix[3]arene through the cation-p-interaction [13] as 
shown in Figure 1 (A). Thus, the conformation is preferentially immobilized to the 
cone in spite of the much more flexible structure of 1 due to the etheral linkage 
than that of calix[4]arene. Although the much larger contribution of Cs+ to the 
template effect than Na+ as reported by Harrowfield [14] can be expected, the 
larger Cs+ might enlarge the cyclophane ring of triol 1 to form a sufficient space 
for ring inversion to afford thermodynamically stable partial-cone conformer as 
shown in Figure 1(B). Thus, the template effect of the alkali metal cations plays 
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an important role in this O-benzylation reaction like O-alkylation with 
bromoethylacetate or N,N-diethylchloroacetamide[12a,d]. However, the 
regioselective introduction of one or two benzyl groups into the phenolic oxygens 
of triol 1 in spite of the tuning the reaction conditions. Thus, attempted 
O-benzylation of triol 1 with benzyl bromide under the various reaction 
conditions to afford the partial O-benzylated products, such as monobenzyloxy 
and dibenzyloxy derivatives failed. Only tri-O-benzylated product 3 was obtained 
along with the recovery of starting compound 1. 
-O
O -
Na+
O -O
O -
Cs+
O
A B
inversion
 
Figure 1. Ring inversion of O-benzylation intermediate of triol 1 and 
immobilization by metal template. 
 
The 1H NMR spectrum of cone-3 shows a singlet for the tert-butyl protons at d 
1.09 ppm and a singlet for ArOCH2Ph and the aromatic protons at d 4.59 and 
6.97 ppm, respectively, indicating a C3V-symmmetric structure of cone-3. On 
the other hand, 1H NMR spectrum of partial-cone-3 shows two singlets for the 
tert-butyl protons at d 0.93, 1.20 ppm (relative intensity 2:1). Furthermore, the 
resonance for the ArOCH2Ph methylene protons appeared as two singlets at 
d 3.40 and 4.19 ppm (relative intensity 1:2). On the basis of the 1H-NMR 
studies and the consideration of CPK model of partial-cone-3, two benzyl 
groups in the compound point upwards and the another one folded into the 
p-cavity formed by two benzene rings and thus shielded greater upfield at d 
3.40 ppm for methylene protons and at d 6.72–6.78 ppm for aromatic protons 
at 2,6-positions, respectively. The remarkable shielding effect experienced by 
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ortho protons of the inverted benzene ring suggests that this benzene ring is 
tightly accommodated inside the hydrophobic cavity in a sort of self-inclusion 
complex. Interestingly, two tert-butyl groups are located on the benzene ring 
of the inverted benzyl group in spite of the sterically crowded environment. 
This finding might be attributed to the C-H-p-interaction [13] between methyl 
groups of the tert-butyl group and the benzene ring. Therefore, same 
self-inclusion phenomenon was observed in partial-cone structure for 
tris(benzyloxy)hexahomo trioxacalix[3]arene like in tris[(2-pyridylmethyl)oxy] 
derivative [15]. The single X-ray crystallography studies confirmed the 
structures of cone-3 and partial-cone-3(Figure 2).  
 
 
(a) (b)
Figure 2. (a) X-ray structure of cone-3 and (b) X-ray structure of partial-cone-3  
 
 
2.2.1. Inclusion properties of O-tris(benzyloxy)hexahomotrioxa- 
calix[3]arenes 
  
2.2.2. Two-phase extraction and 1H NMR titration studies 
 
  It has been known that calixarenes can be modified to be neutral ligands 
by introduction of ester or amide groups, and the affinity and the selectivity were 
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depended on the calix[n]arene ring size and the substituents [1]. To obtain 
quantitative insights into the metal and alkylammonium ion affinity of 
cone-tris(benzyloxy)hexahomotrioxacalix[3]arene cone-3 [16], the association 
constants determined by 1H NMR titration experiments according to the 
literature [17]. The results were listed in Table 2.  
 
Table 2. Association constantsa(Kass, M
-1) of host cone-3 
with guest alkylammonium ions.
Ionophore                         Kass(×103)M-1
CH3(CH2)3NH3
+                           25.3     
CH3(CH2)5NH3
+                            4.55 
CH3(CH2)7NH3
+                            4.05 
t-BuNH3
+                                      33.5
 
aMeasured in CDCl3:CD3CN(10:1 v/v) at 27°C by the 1H NMR titration method of 
the chemical shift change of the ArCH2O proton, host concentration was 
5´10-3M. 
 
 The Kass values for alkali metals and Ag+ could not be evaluated since 
the addition of 5 equiv. of Li+, Na+, K+ and Ag+ into solutions of cone-3 did not 
cause any significant chemical shift changes. Thus, cone-3 shows no 
complexation ability for alkali metal ions and Ag+. Interestingly, 
cone-tris(benzyloxy) derivative cone-3 shows almost same association constant 
for n-butylammonium ion (Kass=25.3´103 M-1) as that of the corresponding 
tris[(N,N-diethylaminocarbonyl)- methoxy] derivative (Kass=23.5 ´103 M-1), which 
also shows high association constants for alkali metal ions. The association 
constants were affected by the size of the alkyl groups. Thus cone-3 binds the 
shorter alkyl chain ammonium ions and the larger size of alkylammonium ions. 
These findings might be attributable to the different complexation rate to enter 
the cavity as well as the slower decomplexation rate of ammounium ions. 
 
Shofiur Rahman                                                     Saga University, Japan 
 44 
 After titrated with an equivalent of n-butyl ammonium ion in deuterated 
chloroform, the peak signals of cone-3 were appeared separately both of 
complex and of free host, respectively. With increasing the amount of ammonium 
ion excessively, the signals of cone-3 decreased and finally only the complex 
signals were observed. In comparison with the free host, in the complex the axial 
protons in the bridge methylene, which was related to the conformation of 
calixarene, were shifted to lower magnetic field while the equatorial protons 
shifted to upper field. The methylene protons ArOCH2Ph were also shifted to 
lower field. These phenomena were also proven the conformation of complex of 
cone-3 with n-butyl ammonium ion. The ammonium ion was encapsulated into 
the cavity formed by the benzene rings and changed the comformaton of 
cone-3(Figure 4). 
O
CH2 CH 2
CH2
O
+0.54
+0.16(ax)
-0.33(eq)
+0.25
+0.10
cone-3  
Figure 4. Chemical shift changes of cone-3 induced in the presence of 
n-BuNH3+Pic-; + denotes the downfield and - denotes the up-field shift. 
 
The NH3 protons interacted with three phenyl groups and phenolic oxygens and 
the n-butyl chain remains through the cavity of calix benzene rings. On the other 
hand, the protons of ammonium ion encapsulated into the concave cavity were 
shifted to the upper field (d 5.76 ppm) compared to that of free ones (d 8.79 ppm) 
because of under the shielding resonance of calix benzene rings. The NH proton 
on n-butylammonium ions was shifted to higher magnetic field (Dd=-3.03 ppm) 
when it was encapsulated into the calix cavity. The maximum upper field shift 
was observed among the protons of CH2CH2NH3+ (Dd= -2.81 ppm) and then 
decreased with the sequence of alkyl length. The proton in CH2CH2NH3+ was 
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shifted to upper field more than 2.0 ppm while proton in CH3CH2 shifted to upper 
field only with d 0.72 ppm and 1.17 ppm, respectively. The calix cavity of 
homooxacalix[3]arene can include n-butyl ammonium ion totally, the terminal 
CH2CH2NH3+ was located deeply into the cavity, while CH3CH2 was located on 
the edge of the cavity. Very close chemical shift values of proton were observed 
for encapsulated NH among the longer alkylammonium ions. This finding 
indicates that the CH2CH2NH3+ was located in the similar position in the cavity of 
calix benzene rings, and under the similar intensity of resonance shielding. It is 
reasonable to assume that the n-butyl ammonium chain is already long enough 
to protrude from the calixarene cavity, similar results were also reported in the 
case of partial-cone calix[5]arene and the complex of calix[5]arene with 
ammonium ions [18]. Similar upfield shifts of the NH and CH3 protons of 
t-BuNH3+ were observed in the included t-butylammonium ion (Dd= -3.84 and 
-1.85 ppm, respectively).  
 
 The inclusion properties of cone-3 with guest dopamine, serotonin and 
2-phenylethylamine also evaluated in CDCl3:CD3OD(4:1) solution due to the 
solubility problem of guest molecules in CDCl3:CD3CN(10:1). The results 
summarized in Table 3. In contrast, a drastic change were observed in the 
mixture of cone-3 with dopamine, serotonin and 2-phenylehtlamine in 
CDCl3/CD3OD (v/v 4:1) in a 1:1 ratio, as the signals ascribed to dopamine, 
serotonin and 2-phenylehtlamine were dramatically shifted to higher magnetic 
field (Figure 5). The 1H NMR signal of host cone-3 shows significant shifts in the 
presence of dopamine, serotonin and 2-phenylethylamine. The 
1H-CIS(complexation-induced shifts=d(complex)-d(guest) values of guest 
dopamine, serotonin and 2-phenylehtlamine are summarized in Table 3. The 
magnitude of higher magnetic field shifts of guest signal grows fainter with the 
increasing distance from the amino groups. On the basis of these observations, 
it is clear that the amino group approaches the p-cavity composed of the 
aromatic rings of the host cone-3. Figure 5 shows spectral changes on 
complexation. Assignments of Da-De, Sa-Sf, and Pa-Pb
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peak of dopamine, serotonin and 2-phenylehtlamine respectively, and are 
summarized in Table 3. The largest upfield shifts were observed for the Dd and 
De protons (Dd=-2.582 to Dd=-2.661 pmm), for the Sf and Se protons 
(Dd=-2.503 to Dd=-2.847 pmm), Pa and Pb protons (Dd=-2.588 to Dd=-2.798 
pmm), and NH(Dd=-1.212 pmm; Dd=-1.207pmm; (Dd=-2.684 pmm) respectively 
of dopamine, serotonin and 2-phenylehtlamine complexation with cone-3. 
However, in comparison with the free host, in the complex the axial proton in the 
bridge methylene, which was related to the conformation of calixarene, were 
shifted to lower magnetic field (Dd =+0.44 ppm; +0.42 ppm; +0.46 ppm) while the 
equatorial protons were also shifted to upper field(Dd =-0.41ppm; -0.40ppm; 
-0.42ppm), respectively , of cone-3 complex with dopamine, serotonin and 
2-phenylethylamine. The methylene protons of ArOCH2Ph shifted to lower field 
((Dd =+0.45ppm; +0.44ppm and +0.46ppm), and calix-benzene protons of ArH 
were also shifted to lower field ((Dd=+0.26; +0.25ppm and +0.27ppm), 
respectively of cone-3 complex with dopamine, serotonin and 
2-phenylethylamine.  
 
Table 3. Chemical shift changes (Dd) of dopamine, serotonin and 
2-phenylethylamine complex with host cone-3 (host: guest, 1:1; 5´10-3M) in 
CDCl3:CD3OD=4:1 (v/v). 
   (Dd)
Db    6.771      6.445    -0.326 
Da    6.752      5.795    -0.957   
Dc    6.598      5.596    -1.002
Dd    3.121      0.539    -2.582 
De    2.861      0.200    -2.661  
NH   6.816       5.604   -1.021
     free dopamine?cone-3    (Dd)
Sa    7.084     6.791    -0.293
Sb    6.766     6.670    -0.096
Sc    7.225     7.113    -0.112
Sd    7.003     6.352    -0.651
Se    3.178     0.675    -2.503
Sf    3.094     0.247    -2.847
NH  7.390    6.183    -1.207
     free
serotonin
?cone-3
free
2-phenylethylammonium?cone-3
   (Dd)
    Pha   3.245  0.657    -2.588
    Phb   2.994   0.196    -2.798
    NH    8.908   6.224    -2.684
?cone-3
dopamine?cone-3 serotonin?cone-3
 
These observations suggest that there are interactions between the host and 
guest molecules. Probably, the host calix-benzene encapsulates the guest 
amine molecules in the calix-cavity. The dramatic up field shifted (Figure 5) may 
be due to the shielding effect by the calix-benzene rings of the host that 
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surround the alkyl chain to form a hydrophobic wall. The hydrophobic effect of 
the guest amines with host calix-benzene cavity may weaked in the order, 
2-phenlyethylamine>dopamine>serotonin, due to the presence of hydrophilic OH 
groups in the dopamine and serotonin. These hypothesis also supported the 
stability constants in the order of 2-phenlyethylamine>dopamine>serotonin. 
After 1:1 complexation of cone-3 with dopamine, and serotonin in CDCl3/CD3OD, 
4:1, the signals of cone-3 appeared separately for the complex and the free host, 
respectively. With increasing amounts of guest ions, the signals of cone-3 
decreased and finally only the complex signals were observed. Interestingly, 
cone-3 shows the high association constant for serotonin (Kass= 5335±310 M-1), 
dopamine(Kass= 6720±380 M-1), and 2-phenlyethylamine(Kass= 7195±420 M-1). 
These findings might be attributable to the different complexation rate to enter 
the cavity as well as the slower decomplexation rate of ammounium ions. On the 
contrary, the spectral pattern of the partial-cone-tris(benzyloxy) derivative 
partial-cone-3 did not show any significant change upon addition of 5 equiv. of 
n-butylammonium picrate. Only the original signals for partial-cone-3 remained. 
These results indicate that the C3v-symmetric structure of cone-3 does play an 
significant role on the complexation of tris(benzyloxy) derivative cone-3 and 
C3-symmetric guest molecules, alkyl ammonium ions, dopamine, serotonin and 
2-phenylethylamine. 
NH2.HClHO
HO
b
a
c
d
e
a)
b)
c)
ArCH2O
complex complex
d       e
   free
d       e
NH complex
NH a b c
ca
ArCH2O
ArOCH2
b a c
* *
*
Figure 5(a). 1H NMR spectar of dopamine complex with host cone-3(host: guest; 
1:1 ratio, 5´10-3M ) in (CDCl3 CD3OD 4 :1); a) Free host cone-3; b) cone-3?
dopamine; c)  free dopamine. * denoted the solvent peak. 
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N
H
NH2.HCl
HO e f
SfSf
complex
Sa
Sa
Sc
complex ArCH2O
SeSe
Sc
Se Sf
NH complex
ArCH2O
ArOCH2
SbSa
Sb
Sc
Sd
Sd
Sd
Sb
*
*
*
Figure 5(b).  1H NMR spectar of serotonin complex with host cone-3 (host: 
guest; 1:1 ratio, 5´10-3M ) in (CDCl3 CD3OD 4 :1); a) Free host cone-3; b) cone-3
?serotonin; C) free serotonin. * denoted the solvent peak. 
ArCH2O
ArOCH2
NH3.Pic
a)
b)
c)
NH complex
ArCH2O ArOCH2 
complex
b
a
a
bb a
complex
* *
*
Figure 5(c). 1H NMR spectar of 2-Phenylethylamine with host cone-3 (host: 
guest; 1:1 ratio, 5´10-3M ) in (CDCl3 CD3OD 4 :1); a) Free host cone-3; b) cone-3
?2-phenylethylammonium picrate; C) free 2-phenylethylammonium picrate. * 
denoted the solvent peak. 
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2.3. Experimental section 
 
Materials 
Synthesis of 7,15,23-tri-tert-butyl-25,26,27-trihydroxy-2,3,10,11,18,19- hexaho- 
motrioxacalix[3]arene 1 was carried out according to the reported procedure [1].  
 
2.3.1. Synthesis 
 
Alkylation of 1 with benzyl bromide 2 in the presence of NaH to afford 3: A 
mixture of triol 1 (100 mg, 0.174 mmol) and NaH (227 mg, 5.25 mmol, 60%) 
in dry tetrahydrofuran (10 mL) was heated at reflux for 1 h under N2. Then 
benzyl bromide (0.21 mL, 1.74 mmol) was added and the mixture heated at 
reflux for an additional 17 h. After cooling the reaction mixture to room 
temperature, it was filtered. The filtrate was concentrated to give yellow oil, 
which was then distilled under the reduced pressure to remove the excess 
unreacted benzyl bromide using a Kugelrohr apparatus. 1H NMR analyses 
of the residue was accord with its being a mixture of cone-3 and 
partial-cone-3 in the ratio of 75:25. The residue was washed with methanol 
to give the crude partial-cone-3 (22 mg, 16%) as a colorless solid. The 
filtrate was concentrated to give yellow oil, which was chromatographed 
over silica gel (Wako, C-300; 100 g) with hexane-benzene (1:1) as eluent to 
give cone-3 (66 mg, 45%) as a colorless solid. Recrystallization from MeOH 
affordedcone-7,15,23-tri-tert-butyl-25,26,27-tris(benzyloxy)-2,3,10,11,18,19- 
hexahomo-3,11,19-trioxacalix[3]arene (cone-3) as colorless prisms, mp 
163–165°C; nmax (KBr)/cm-1 2975, 2915, 2867, 1758, 1483, 1456, 1363, 
1234, 1199, 1094 and 1058; 1H NMR (CDCl3) dH 1.09 (27 H, s, t-Bu), 4.59 
(12 H, s, ArCH2O), 4.62 (6 H, s, OCH2Ph), 6.97 (6 H, s, Ar-H) and 7.13–7.39 
(15 H, s, Ph-H); 13C NMR (CDCl3) dC 31.5, 34.2, 69.1, 125.7, 127.7, 127.8, 
128.3, 131.0, 137.5, 146.2 and 152.2; MS m/z 846 (M+). Anal. calcd. for 
C57H66O6
 
(847.16): C, 80.82; H, 7.85. Found: C, 80.61; H, 7.93.  
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Benzylation of 1 with benzyl bromide in the presence of Cs2CO3 : A mixture 
of triol 1 (100 mg, 0.174 mmol) and Cs2CO3 (567 mg, 1.74 mmol) in acetone 
(10 mL) was heated at reflux for 1 h. Then benzyl bromide (0.21 mL, 1.74 
mmol) was added and the mixture heated at reflux for 17 h. After cooling the 
reaction mixture to room temperature, it was filtered. The filtrate was 
concentrated and the residue was extracted with CH2Cl2
 
(100 mL´2) and 
washed with water (50 mL´2), dried (Na2SO4) and condensed under 
reduced pressure. The residue was washed with methanol to give the crude 
partial-cone-3 (127 mg, 86%) as a colorless solid. Recrystallization from 
MeOH-CHCl3 (3:1) gave partial-cone-7,15,23-tri-tert-butyl-25,26,27-tris- 
(benzyloxy)-2,3,10,11,18,19-hexahomotrioxacalix[3]arene(partial-cone-3) as 
colorless prisms, m.p. 180–185 °C; nmax (KBr)/cm-1 2975, 2915, 2867, 1758, 
1483, 1456, 1363, 1234, 1199, 1094 and 1058; 1H NMR (CDCl3) dH 0.93 (18 
H, s, tBu), 1.20 (9 H, s, tBu), 3.40 (2 H, s, OCH2Ph), 4.07 (2 H, d, J 12.7 Hz, 
ArCH2O), 4.19 (4 H, s, OCH2Ph), 4.27 (2 H, d, J 9.3 Hz, ArCH2O), 4.28 (2 H, 
d, J 12.7 Hz, ArCH2O), 4.46 (2 H, d, J 12.7 Hz, ArCH2O), 4.53 (2 H, d, J 12.7 
Hz, ArCH2O), 4.54 (2 H, d, J 9.3 Hz, ArCH2O), 6.72–6.78 (2 H, m, Ph-H), 
7.01–7.14 (17 H, m, Ar-H and Ph-H) and 7.29 (2 H, s, Ar-H); MS m/z 846 
(M+). Anal. calcd. for C57H66O6
 
(847.16): C, 80.82; H, 7.85. Found: C, 80.53; 
H, 7.73.   
 
2.3.2. 1H NMR complexation experiment.  
 
 The complex study of cone-3 with alkylammonium ions carried out in 
CDCl3:CD3CN (10:1, v/v). Due to solubility problem the complex study of cone-3 
with dopamine, serotonin and 2-phenylethylamine carried out in CDCl3:CD3OD 
(4:1, v/v).The spectrum was registered after addition and the temperature of 
NMR probe kept constant at 27 °C. The association constants values were 
calculated by the integral intensity of CH2 protons of the benzyl protons 
[ArOCH2Ph] signal in the complex and free host molecules according to the 
literature [17]. 
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2.3.3. Crystallographic data   
 
 Crystals were grown up by slow evaporation of a solution of 3 in toluene 
and hexane at room temperature. Crystallographic data for cone-3 and 
partial-cone-3 are given in Table 4. The X-ray data for cone-3 was corrected for 
absorption on the basis of symmetry equivalent using a Bruker SMART 1000 
CCD diffractometer and repeated data (min and max transmission factors: 0.946, 
0.979) and Lp effects. The structure was solved by Bruker SHELXTL for 
structure solution and refinement and molecular graphics. The unit cell constants 
for partial-cone-3 were derived from least-squares analysis of the settings, on an 
Enraf-Nonius CAD4 FR 586 diffractometer, for 25 reflections in the range 
32.0°<a<32.8°. The intensities of all independent reflections with 
4.0°<2a<150.0° were measured with w-2q scan (w scan width = 0.8 + 0.14 tanq); 
Ni-filtered Cu-Ka radiation (l = 1.54184 Å).  
 
 Data were processed using the CrysAlis-CCD and -RED [19] programs. 
The structure was determined by the direct methods routines in the SHELXS 
program and refined by full-matrix least-squares methods, on F2's, in 
SHELXL [20].  One t-butyl group was disordered in two orientations. Except 
for the minor component C-atoms in the disordered group, the non-hydrogen 
atoms were refined with anisotropic thermal parameters. Hydrogen atoms 
were included in idealised positions and their Uiso values were set to ride on 
the Ueq values of the parent carbon atoms. At the conclusion of the 
refinement, wR2 =0.140 and R1 =0.085 (2B) for all 16356 reflections 
weighted w = [σ2(Fo2) + (0.0648P)2 + 1.86P]-1 with P = (Fo2 + 2Fc2)/3; for the 
'observed' data only, R1 = 0.056. 
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Table 4. Crystallographic data for cone-3 and partial-cone-3. 
                                                                 
 cone-3 partial-cone-3 
Formula  C57H66O6  C57H66O6 
FW 847.16  847.16    
Crystal size (mm)  0.50´0.32´0.10      0.35´0.25´0.20      
Space group Monoclinic               Monoclinic           
 A2/a (No. 15) P21 /c (No. 14) 
a (Å) 27.9648 (13) 19.131 (2) 
b (Å) 9.8510 (6) 17.194 (1)   
c (Å) 34.6640 (17) 15.740 (2) 
 (°) 101.179 (4) 108.687(8)              
U (Å3) 9368.1 (9) 4904.4(8) 
Z  8 4  
rcalcd. (g cm-1) 1.201 1.147 
T (K) 140 (1) 292  
Radiation MoKa CuK                          
(Å) 0.71073 1.54184 
 (cm-1) 0.076 5.31                
No. of reflections 32699 9609 
Unique reflections 4948  8566 
Rint 0.077 0.103   
R  0.087 0.150     
Ra  0.139 0.123   
S 1.243 3.54  
a = 4(Fo)2/[(Io)2 + 0.0016(Fo)4]. 
                                                                 
Starred atoms were refined isotropically. Anisotropically refined atoms are 
given in the form of the isotropic equivalent displacement parameter defined 
as: (4/3)[a2B11 + b2B22 + c2B33 + ab(cos g)B12+ ac(cos b)B13 + bc(cos 
a)B23] 
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 In the final difference map, the highest peak (ca 0.24 eÅ-3) was close to 
O(12A). Scattering factors for neutral atoms were taken from reference [21]. 
Computer programs used in this analysis have been noted above, and were 
run through WinGX [22] on a Dell Precision 370 PC at the University of East 
Anglia. Crystallographic data (excluding structure factors) for the structures 
in this paper have been deposited with the Cambridge Crystallographic Data 
Centre as supplementary publication numbers CCDC 245504.  
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Chapter 3 
Synthesis and inclusion properties of tris[(1-methyl-2- 
imidazolyl)methoxy]oxacalix[3]arenes  
 
3.1. Introduction 
  
In the field of supramolecular chemistry, calixarenes have considerable interest 
as useful building block for the synthesis of hosts for cations, anions and neutral 
molecules. During the last two decades, they have attracted much attention as 
receptors in supramolecular chemistry. The increasing interest in these 
compounds is stimulated by simple large-scale synthesis of calixarenes, and the 
different ways in which they can be selectively functionalized either at the narrow 
(phenolic groups at lower rim) or the wide rim (aromatic nuclei at upper rim) [1]. 
During the last decades, extensive research has been carried out to study and 
mimic biological systems such as enzymes, antibodies, DNA by designing novel 
receptors [2]. Molecular recognition is a fundamental phenomenon in biology, 
and tuning of the affinity of a receptor for a ligand by the environment is key for 
the regulation of biological processes. This has inspired many chemists to 
design artificial receptors. Being involved in the design of biomimetic receptors, 
recently, Reinaud et al developed the first supramolecular system that mimics 
metalloenzyme active sites by the selective binding of a neutral molecule to a 
metal center incorporated inside a tert-butylcalix[6]arene functionalized in 
alternating positions by three imidazole groups [3]. Indeed, the calixarene cavity 
acts as a selective funnel for small molecules that interact with the metal center. 
The tris-imidazolyl derivatives are the most biomimetic ligands of the family, 
capable of reproducing some remarkable properties observed in Zn and Cu 
enzymes. Copper proteins are of major importance in a number of biological 
processes. In an attempt to study these aspects through a synthetic model, they 
have designed a system that reproduces not only the nitrogenous-rich binding 
Shofiur Rahman                                                     Saga University, Japan 
 59 
site of the enzymes, but also the hydrophobic enzymatic pocket that binds the 
guest. The ligand is formed by a calix[6]arene functionalized with three 
coordinating arms. This flexible molecule wraps itself around the copper center, 
leaving a free binding site protected by a funnel. Appropriately substituted 
imidazolium salts find applications as ionic liquids which are novel tailor-made 
and ‘‘green’’ solvents for organic transformations [4]. Above all, imidazolium salts 
may serve as simple precursors for N-heterocyclic carbenes(NHC) [5], which are 
actually extensively used as ligands for transition metal complexes.  
 
Homooxacalixarenes, a family in calixarenes, are a new class of synthetic 
macrocycles having phenolic units linked by the CH2OCH2 bridges and their 
trimer has been widely used as a platform to generate versatile hosts [6]. In most 
cases, the functionalization of homooxacalix[3]arene has been achieved by 
O-alkylation of the OH groups on the lower rim. For example, 
trimethoxyhomooxacalix[3]arene shows K+ selectivity in contrast to the fact that 
calix[4]arene ionophores selectively bind to Na+ among the alkali metal ions. 
However, the selectivity is not very high due to the conformational flexibility. 
Recently, we reported on the influence of O-substituents on the conformational 
isomerism of hexahomotrioxacalix[3]arenes 1 in detail, which selectively 
recognize primary ammonium ions [7]. Tris-pyridylmethoxyhomooxacalix[3]- 
arene shows high Ag+ selectivity than Na+ and K+ ions [7(b)]. This stimulated us 
to design ionophores based on the homooxacalix[3]arene with a rigid structure 
which would exhibit high selectivity for transition metal ions. The imidazole unit is 
an essential metal binding site in metalloproteins. One or more imidazole units 
are bound to metal ions in almost all copper and zinc metalloproteins to bring 
about profound effects on their biological actions [8]. In these metalloproteins the 
three-dimensional structures of the macromolecules facilitate the coordination of 
metal ions by independent side-chain residues. Therefore, ligands containing 
two or more imidazole rings can potentially mimic the binding sites and catalytic 
activities of these enzymes [9]. Recently, Shinkai et al reported on the influence 
of O-substituents on the conformational isomerism of hexahomotrioxa- 
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calix[3]arenes 1 in detail [10]. They have established that interconversion 
between conformers, which occurs by oxygen-through-the-annulus rotation, can 
be sterically allowed for methyl, ethyl, and propyl groups whereas it is inhibited 
for butyl group [10c]. In their studies on the conformer distribution of 
hexahomotrioxacalix[3]arene. They reported that the partial-cone is sterically 
less crowded than the cone and therefore formed predominantly in spite of 
choosing the O-alkylation conditions. On the other hand, the cone results only 
when template metal, which strongly interacts with phenolic oxygens, such as 
ethoxycarbonylmethyl or N,N-diethylamino-carbonylmethyl group, is present in 
the reaction system [10a,d]. However, the selective introduction of imidazole 
group on the phenolic groups has not yet been accomplished.  
 
 In this chapter described the selective synthesis of [(1-methyl-2- 
imidazoly)methoxy]oxacalix[3]arenes 2 with cone and partial-cone conformation 
by O-imidazolyzation of hexahomotrioxacalix[3]arene 1 and on the inclusion 
properties with alkyl ammonium and metal ions. 
 
3.2. Results and Discussion 
Hexahomotrioxacalix[3]arene 1 [1] was O-alkylated with 2-(chloro- 
methyl)-1H- imidazole hydrochloride in the presence of Cs2CO3 to yield a 
mixture of tri-O-alkylated product 2 in a ration of 12:88(cone-2: partial-cone-2) in 
70% yield. In contrast, a similar reaction was carried out in the presence of 
K2CO3 to yield a mixture of two conformers of tri-O-alkylated product 2 in a ratio 
of 11:89 (cone-2: partial-cone-2) in 68% yield. The cone-to-partial-cone ratio of 2 
increased in the presence of NaH to 90:10 (cone-2: partial-cone-2) in the 
O-substitution of triol 1. However, attempted O-imidazolylation in the presence of 
Na2CO3 to yield a mixture of two conformers of tri-O-alkylated product 2 in a ratio 
of 2:20 (cone-2:partial-cone-2) in 20% with the starting compound 60% 
recovered(Scheme 1 and Table 1). The ratio of the products cone-2 and 
partial-cone-2 is governed by the nature of alkali metal carbonates or NaH used 
as a base.  
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Table 1. O-Substitution reaction of triol 1 with 2-(chloromethyl)-1H-imidazole
Run         Base      Solvent                        cone         partial-cone
1             NaH            THF-DMF                 90(60)            10(5)   
2             Cs2CO3         Acetone                 12(6)              88(55)
3             K2CO3
c         Acetone                  8(3)               60(32)
4             Na2CO3
d        Acetone                 6(2)                40(25)
Distribution(%) a,b
 
aRelative yields determined by 1H NMR spectra. bIsolated yields are shown in 
squre brackets.cStarting compound 1 was recovered in 32% yield.dStarting 
compound 1 was recovered in 54% yield. 
 
 When a stronger base was employed (e.g. NaH rather than Cs2CO3), the 
template metal can hold the imidazole group(s) and the oxide group(s) on the 
same side of the hexahomotrioxacalix[3]arene through the cation-p-interaction 
[11] presented in Figure 1 (A). Thus, the conformation is preferentially 
immobilized to the cone in spite of the much more flexible structure of triol 1 due 
to the etheral linkage than that of calix[4]arene. Although the much larger 
contribution of Cs+ to the template effect than Na+ as reported by Harrowfield 
[12] can be expected, the larger Cs+ might enlarge the cyclophane ring of triol 1 
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to form a sufficient space for ring inversion to afford thermodynamically stable 
partial-cone conformer illusted ilustted presented in Figure 1 (B). Thus, the 
template effect of the alkali metal cations plays an important role in this 
O-imidazolation reaction like O-alkylation with bromoethylacetate or N,N- 
diethylchloroacetamide [10a, d]. However, the regioselective introduction of one 
or two imidazole groups into the phenolic oxygens of triol 1 in spite of the tuning 
the reaction conditions. Thus, attempted O-imidazolation of triol 1 with 
2-(chloromethyl)-1H-imidazole hydrochloride under the various reaction 
conditions to afford the partial O-imidazolated products, such as 
monoimidazolyoxy and diimidazolyoxy derivatives failed. Only tri-O-imidazo- 
lylated product 2 was obtained along with the recovery of starting compound 1(C). 
These results are expected to compare our previous result [7(b)].  
 
O O
N N CH3
O
O O
N N
CH3
O
Cs+Na
+
inversionA B  
Figure 1. Ring inversion of O-alkylation intermediate of triol 1 and immobilization 
 
Structures of cone-2 partial-cone-2 were identified by 1H NMR, IR, MS spectra, 
elemental analyses and X-ray crystallography.  The 1H NMR spectrum of 
cone-2 shows a singlet for the tert-butyl protons at d 1.08 and a singlet for 
ArOCH2Imme and the aromatic protons at d 4.67and 6.97, respectively, 
indicating a C3-symmmetric structure of cone-2. Interestingly, the heteroaromatic 
protons of the imidazole rings of cone-2 are exposed to the ring current shielding 
effect operated by the opposing imidazoly ring among the dibenzyl ether linkage, 
and resonate at higher fields with the reference compound 3, which was 
prepared by O-alkylation of 4-tert-butyl-2,6-dimethylphenol with 2-chloromethyl- 
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1-methyl-1H-imidazole hydrocloride in the presence of NaH. Table 2 shows that 
the magnitude of this shielding, computed as the difference between pertinent 
imidazole protons and –N-CH3 protons of the cone-2 and reference compound 3, 
increases significantly on H5 and –N-CH3 protons. The remarkable shielding 
effect experienced by H4(-0.06 ppm) proton of the imidazoly suggest that this 
proton is located in much closer environment toward to opposing imidazoly ring 
than H5 proton due to the repulsion among the nitrogen atoms in the imidazoly 
ring between the dibenzyl ether linkage. Thus, nitrogens in all of the imidazole 
rings were oriented outwards and –N-CH3 were oriented inwards the cyclophane 
cavity as shown in Figure 2. The X-ray structures of cone-2 and partial-cone-2 
also supported that nitrogens in all of the imidazoly rings were oriented outwards 
and –N-CH3 were oriented inwards the cyclophane cavity as shown in Figure 3.  
Table 2: Chemical shifts of cone-2 and
reference  compound 3a
Chemical shifts, d(ppm)
Compound    -N-CH3 H4 H5
cone-2a 3.45      7.00      6.76
3 3.70      6.94      6.82
Ddb                   +0.35     -0.06   +0.06
aDd value is the difference of the chemical shift 
Between cone-2 and reference compound 3 in 
CDCl3 at 27°C. b A plus sign(+) denotes a shift to
lower magnetic field, whereas, a negative sign(-)
denotes a shift to higher magnetic field.
O
O
O OOO
NN
CH3
NN
CH3
N N
CH3
O
H3C CH3
NN
CH3
cone-23
Figure 2. Reference compound 3 and
                oriantation of cone-2
5     4 5      4
 
 
In order to investigate the ionophoric affinities of receptors 2 for alkyl ammonium 
ions, the association constants of were determined by 1H NMR titration 
experiments according to the Benesi-Hildebrand equation [13] and the results 
listed in Table 4. The association constants were affected by the size of the alkyl 
groups. Thus cone-2 binds the shorter alkyl chain ammonium ions and the large 
size of alkylammonium ions. These findings might be attributable to the different 
complexation rate to enter the cavity as well as the slower decomplexation rate 
of ammonium ions. After titrated with an equivalent of n-butyl ammonium ion in 
deuterated chloroform, the peak signals of cone-2 were appeared separately 
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both of complex and of free host, respectively. With increasing the amount of 
ammonium ion excessively, the signals of cone-2 decreased and finally only the 
complex signals were observed. In comparison with the free host, in the complex, 
the axial protons in the bridge methylene, which was related to the conformation 
of calixarene, were shifted to lower magnetic field while the equatorial protons 
shifted to upper field. The methylene protons of ArOCH2Imme were also shifted 
to lower field. These phenomena were also proven the conformation of complex 
of cone-2 with n-butyl ammonium ion. On the other hand, the protons of 
ammonium ion encapsulated into the concave cavity were shifted to the upper 
field (d 5.73ppm) compared to that of free ones (d 8.78 ppm) because of under 
the shielding resonance of calix benzene rings. Since the structural motif of 
n-BuNH3+ is present in biological important amines, homooxacalix[3]arenes and 
their derivatives should be able to bind with primary ammonium ions possessing 
potential functions not only in chemistry but also in biological systems. The 
ammonium ions complex with cone-2 by entering the cavity formed by the calix 
benzene rings from upper rim. Thus, if the alkylated constituent remained in the 
cavity and was shielded by the resonance of calix benzene rigs, the protons on 
alkylated ammonium ions should correspondingly be shifted to higher field 
compared to their free counter parts. Therefore, the alkylammonium ion should 
be useful as a probe to estimate the cavity depth represented by the calix 
benzene cavity in homooxacalix[3]arene. The chemical shift changes of alkyl 
ammonium ions with host 2 investigated by 1H NMR titration; the results are 
listed in Table 3. From Table 3, it found that the NH proton on alkylammonium 
ions was shifted to higher magnetic field when it was encapsulated in the calix 
cavity. The maximum upper field shift was observed with the protons in the 
CH2CH2NH3+ moiety and decreased with alkyl length. For, example, in the case 
of the n-butylammonium ion, the protons in the CH2CH2NH3+ moiety were shifted 
to higher field by more than 2.00ppm, while the protons in the CH3CH2 remained 
were shifted to higher field only by 0.72 ppm and 1.21 ppm, respectively.  
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cone-2 partial-cone-2  
Figure 3. X-ray structure of cone-2 and partial-cone-2. 
 
A minus signal(-) denotes a shift to higher field. Dδvalues refer to the difference
in chemical shift between the free alkylammonium picrates and complex with host
cone-2 in CDCl3/CD3CN(10:1 v/v) determined at 300MHz, 27°C.
Table 3: Values of Dδ for alkylammonium ions complex with host cone-2
CH3 CH3CH2 CH3CH2CH2 CH2CH2CH2NH  CH2CH2NH  CH2NH  NH
Free  0.90     1.31        1.68                  1.87  1.98            3.01       8.78
n-hexaNH3+ complex 0.87     0.67        0.06                  0.21                 -0.40           0.49        5.73
Dδ -0.03    -0.64       -1.62                -1.66                 -2.38           -2.52     -3.05
Free                   0.94     1.41                            1.67            3.02       8.84   
n-BuNH3+ complex 0.22     0.22 -0.42           0.11        5.72  
Dδ -0.72   -1.21                                                          -2.09           -2.91      -3.12
Free                 1.33                                    3.10     8.78       
n-EtNH3+ complex 0.20                                                     -0.62       5.69
Dδ -0.73                                                            -3.72      -3.19
Free 1.42                                                            8.85                
t-BuNH3+ complex -0.44                                                            5.37
Dδ -2.86                                                            -3.48
 
 
The calix cavity of homooxacalix[3]arene is able to encapsulate 
n-butylammonium ion completely; the terminal CH2CH2NH3+ was located deep in 
the cavity, while CH3CH2 was located on the edge of the cavity. Among the 
different alkylammonium ions, very close proton chemical shift values were 
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observed for encapsulated NH, as well as its two closest linked methylene units. 
This finding indicates that the CH2CH2NH3+(or CH3(CH2)5NH3+) element were 
located in similar positions in the calix benzene ring cavity,  and thus under 
similar resonance shielding conditions. It is reasonable to assume that the 
n-butylammonium chain is already long enough to protrude for the]calixarene 
cavity. The NH proton on n-butylammonium ions was shifted to higher magnetic 
field (Dd=-3.05 ppm) when it was encapsulated into the calix cavity. The 
maximum upper field shift was observed among the protons of 
CH2CH2NH3+(Dd=-3.19 ppm) and then decreased with the sequence of alkyl 
length. The ionophoric affinities of receptors 2 investigated for cations, the 
extractability were determined by solvent extraction from aqueous phase to 
organic phase(methylene dichloride). The results are summarized in Figure 4. 
The alkali metals cation selectivity of the receptors 2 very low but show higher 
affinities for transition metal ions. The increase in the extraction of transition 
metals with receptors 2 due to the presence of soft binding sites imidazole group 
present at the lower rim of the receptors 2 which is usually provided by nitrogen 
atoms. Another important things the extraction of transition metals with cone-2 
higher than partial-cone-2 due to their conformational flexibilities.  
 
Figure 4. Extraction of metal picrates from the aqueous to the CH2Cl2 phase by 
receptor cone-2 and partial-cone-2. 
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After complexation with transition metal the chemical shift of imidazole 
moieties shifted down filed due to imidazole N--cation interations and strongly 
suggest that the nitrogen atom shifted from oriented outwards to inwards. For 
example, the 1H NMR titration experiment of the receptor cone-2 with an 
equivalent AgClO4 as shown in Figure 5. After complexation of receptor cone-2 
with AgClO4 the chemical shift of the imidazole moieties shifted to down field 
Dd=+0.21(Imm-H4) and Dd=+0.19(Imm-H5), OCH2Imme Dd=+0.329ppm 
(Imm-H4) and upfield shifted of Dd=-0.03ppm (ImmeN-CH3) strongly suggest 
that Ag+ complex with imidaloe moieties by N---Ag interactions.  
 
*
(a)
(b)
Imme-CH3
ArOCH2
ArCH2O
Imme-H
ArH
Figure 5. Partial 1H NMR of cone-2 (2 ´ 10-3 M) at 300 MHz in CDCl3:CD3CN 
10:1(v/v, 27 °C) (a) Free ligand, (b) in the presence of 1 equiv. of AgClO4. 
*Denotes solvent signal. 
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The metal binding constant was determined by ultraviolet visible (UV-vis) 
titration experiments due to the fast exchange rate of the host-guest 
complexation compared to the NMR time scale. In the UV spectroscopic titration 
experiments, addition of varying concentrations of guest cations resulted in a 
gradual decrease of the characteristic absorptions of host 2. The association 
constants of the complexation system were calculated according to the modified 
Benesi-Hildebrand equation [13] and summarized in Table 3.  
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Figure 6. UV-vis titration of receptor cone-2 with Cu(ClO4)2.6H2O in CH2Cl2 at 298K; 
[cone-2]=2´10-5; [Cu2+]= 0.04, 0.06, 0.08, 0.09, 0.12, 0.18, 0.25, 1.0´10-4M. The inset 
gives the job plot indicating a maximum at a mol fraction of 0.5(i.e., 1:1 
stoichiometry). 
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Table 3. Association constants(K)a M-1 of cone-2 and partial-cone-2 with metal ions.
Cation                          cone                                      partial-cone
Ag+                       3.52?104                             2.63?104 
Cu2+                    4.45?104                              2.97?104 
Zn2+                     4.12?104                               2.78?104
Ionophore
 
aMeasured in CH2Cl2 at 27°C by the UV spectroscopy with decreases of the 
absorbace of the host cone-2(2´10-5M) with increases the guest concentration 
of AgClO4, Cu(ClO4)2.6H2O and Zn(ClO4)2.6H2O. 
 
Table 4. Association constantsa(Kass, M
-1) of host cone-2 with guest alkylammonium ions.
guest                                                        Kass (M-1)
CH3(CH2)3NH3
+                                          1980?60    
CH3(CH2)5NH3
+                                            750?80 
CH3(CH2)7NH3
+                                            480?45 
t-BuNH3
+                                                    1045?100
 
aMeasured in CDCl3:CD3CN(10:1 v/v) at 27°C by the 1H NMR titration method of 
the chemical shift change of the ArCH2O proton, host concentration was 
2´10-3M. 
 
 
3.3. Experimental 
 
 All mps (Yanagimoto MP-S1) are uncorrected. 1H NMR spectra were 
determined 300 MHz with a Nippon Denshi JEOL FT-300 NMR spectrometer 
with SiMe4 as an internal reference: J-values are given in Hz. IR spectra 
were measured for samples as KBr pellets in a Nippon Denshi JIR-AQ2OM 
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spectrophotometer. UV spectra were measured by Shimadzu 240 
spectrophotometer. Elemental analyses were performed by Yanaco MT-5. 
Data of X-ray diffraction was collected on Bruker SMART 1000 CCD 
diffractometer. X-ray analysis was performed with SHELXTL program 
package and the structure was solved uneventfully by direct method. 
 
Materials 
7,15,23-tri-tert-butyl-25,26,27-trihydroxy-2,3,10,11,18,19-hexahomo-3,11,19
-trioxacalix[3]arene 1, was synthesized according to the reported 
procedure[1].  
 
3.3.1. Synthesis 
 
Synthesis of 7, 15, 23-tri-tert-butyl-25, 26, 27-tris [(1-methyl-2-imidazoly) 
methoxy]oxacalix[3]arene  cone-2 (H3Imme3): cone-2 isomer was 
synthesized by the reaction of triol 1(C) with 2-chloromethyl-1- 
methyl-1H-imidazole hydrocloride [14] in the presence of NaH. Under an 
argon atmosphere, a solution of homooxacalix [3] arene 1(C) (200mg, 0.346 
mmol) in dry THF (20mL) was introduce into flask containing NaH (60% in oil; 
700mg, 17.48 mmol), and DMF (5mL). The mixture was stirred for 1h at room 
temperature and 2-chloromethyl-1-methyl-1H-imidazole hydrochloride (576 
mg, 3.46 mmol) was added. After the mixture was reflux for 20h, it was 
condensed under reduced pressure and then acidified with 10% HCl solution. 
The residue was extracted with CH2Cl2 (2´50mL). The organic phase was 
washed with water (2´30mL) and brine (40mL), dried over MgSO4, and 
condensed under reduced pressure. The residue was chromatographed over 
silica gel (wako, C-300) with ethylacetate/methanol(3:1) gave the product 
cone-2 (110mg, 37%) and partial-cone-3b(15mg, 5%). Recrystallization from 
toluene gave cone-2 7,15,23-tri-tert-butyl-25,26,27-tris[(1-methyl-2- 
imidazoly)methoxy]oxacalix[3]-arene as a colorless prisms; mp 195-196°C; 
nmax (KBr)/cm-1 3391, 3114, 2956, 1480, 1462, 1361, 1285, 1190, 1095, 975; 
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1H-NMR (300MHz, CDCl3 )d: 1.08 (s, 27H, t-butyl), 3.45(s, 9H, NCH3), 4.47(d, 
J=12.0Hz, 6H, ArCH2O) 4.54(d, J=12.0Hz, 6H, ArCH2O), 4.67(s, 6H, ArOCH2), 
6.76( s, 3H, Imme-H), 6.97(s, 6H, ArH), 7.00(s, 3H, Imme-H); MS m/z: 
859(M+). Anal. Calcd. for C51H66N6O6.3H2O: C, 67.08; H, 7.91; N, 9.20; 
Found: C, 66.93; H, 7.91; N, 9.20%.  
 
Synthesis of 7, 15, 23-tri-tert-butyl-25, 26, 27-tris [(1-methyl-2-imidazoly) 
methoxy] oxacalix [3]arene partial-cone-2 (H3Imme3): partial-cone-2 isomer 
was synthesized by the reaction of triol 1(C) with 2-chloromethyl-1-methyl- 
1H-imidazole hydrocloride [14] in the presence of Cs2CO3. Under an argon 
atmosphere, a solution of homooxacalix[3] arene 1(C) (200mg, 0.346 mmol) 
in dry acetone(20mL) was introduce into flask containing Cs2CO3 (3.72g, 
11.42 mmol). The mixture was stirred for 1h at room temperature and 
2-chloromethyl-1-methyl- 1H-imidazole hydrocloride (576 mg, 3.46 mmol) 
was added. After the mixture was reflux for 20h, it was condensed under 
reduced pressure and then acidified with 10% HCl solution. The residue was 
extracted with CH2Cl2 (2´50mL). The organic phase was washed with water 
(2´30mL) and brine (40mL), dried over MgSO4, and condensed under 
reduced pressure. The residue was chromatographed over silica gel (wako, 
C-300) with ethyl acetate/methanol (3:1) gave the product cone-2(20mg, 6%) 
and partial-cone-2(90mg, 30%). Recrystallization from toluene gave 
partial-cone-2 7,15,23-tri-tert-butyl-25,26,27-tris[(1-methyl-2-imidazoly)- 
methoxy]oxacalix[3]arene as a colorless prisms; mp 156-57°C; nmax 
(KBr)/cm-1 3394, 3107, 2957, 1480, 1362, 1284, 1209, 1065, 1095, 974 cm-1; 
1H-NMR (300MHz, CDCl3)d: 1.28 (s, 9H, t-Bu), 1.32 (s, 18H, t-Bu), 2.56(s, 3H, 
N-CH3), 3.02(s, 6H, N-CH3), 3.44(d, J=12Hz, 2H, ArOCH2), 3.92(s, 4H, 
OCH2Imme), 3.95(d, J=12.0Hz, 2H, ArOCH2) 4.40(s, 2H, OCH2Imme), 4.42(d, 
J=6.0Hz, 2H, ArOCH2), 4.70(d, J=12.0Hz, 2H, ArOCH2), 4.83(d, J=12.0Hz, 
2H, ArOCH2) 5.08(d, J=9.0Hz, 2H, ArOCH2), 6.47(s, 1H, Imme-H) 6.66(s, 1H 
Imme-H) 6.71(s, 2H, ArH) 6.89(s, 4H, ArH), 7.12(d, J=3.0Hz, 2H, Imme-H), 
7.36(d, J=3.0Hz, 2H, Imme-H); MS m/z 859(M+). Anal. Calcd. for 
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C51H66N6O6.H2O: C, 69.84; H, 7.81; N, 9.58; Found: C, 69.81; H, 7.81; N, 
9.34%. 
 
3.3.2. UV-vis spectrophotometric titrations 
 
The absorbance spectra of the receptors cone-2 in the presence of Cu2+ 
ion with different concentrations are shown in Figure 6. The wavelength of 
227nm did not change but its intensity decreased gradually with increasing the 
concentration of guest. The job plot indicates a 1:1 stoichiometry between the 
host and guest. According to Benesi-Hildebrand method, the binding constants 
between the receptor cone-2 and the guests were determined. In UV 
spectroscopic titration experiments, the addition of varying concentration of 
guest molecules results in a gradual increase or decrease of characteristic 
absorptions of the host molecules. The association constants of the 
supramolecular systems formed were calculated according to the modified 
Benesi-Hildebrand equation, Eq. (2) [13], where [H]o and [G]o refer to the total 
concentration of host and guest respectively, D is the change in molar extinction 
coefficient between the free and complexed of host and D denotes the 
absorption changes of host on the addition of guest salt.  
 [H]o[ G]o/DA=1/KaDe  +  [G]o/De                                    (2)  
 
For all guest molecules examined, plots of calculated [H]o[G]o/DA values as a 
function of [G]o values give a linear relationship and supporting the 1:1 complex 
formation. The maximum wavelength is 227nm for hosts in CH2Cl2. The 
concentrations of the host are 2.0´10-5 M with the increasing concentration of 
the added guest. 
 
3.3.3. Two-phase extraction 
 
The ion binding properties of cone-2 and partial-cone-2 were studies liquid-liquid 
extraction experiments with the selected alkali picrates such as Li+, Na+, K+, Cs+ 
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and transition metal picrates such as Ni2+, Co2+, Cu2+, Zn2+ and Cr2+ from 
aqueous phase into organic phase (dichloromethane). The results of picrate 
extraction studies are summarized in Figure 4. From this figure it is observed 
that receptors 2 only selective for the transition metal cations. Another important 
things the extraction of transition metals with cone-2 higher than partial-cone-2 
due to their conformational flexibilities. Alkali metal picrates (2.0´10-5 M) were 
prepared in situ by dissolving 2.0´10-4 M of alkali metal hydroxide in 2.0´10-5 M 
of picric acid, triply distilled water was used for all aqueous solutions. Transition 
metal picrates (2.0´10-5 M) were prepared in situ by dissolving 2.0´10-4 M of 
transition metal nitrate in 2.0´10-4 M of picric acid. Similarly, silver picrate was 
prepared in situ by dissolving 2.0´10-5 M of AgNO3 in 2.0´10-5 M of picric acid. 
We confirmed that this period is sufficient to attain the distribution equilibrium. 
This was repeated 3 times, and the solutions were left standing until phase 
separation was complete. The extractability was determined 
spectrophotometrically from the decrease in the absorbance of the metal picrate 
ion in the aqueous phase as described by Pedersen procedure [15]. 
 
3.3.4. 1H NMR complexation experiments  
 
To a CDCl3 solution (2 ´ 10-3 M) of cone-2 in the NMR tube was 
added a CDCl3 CD3CN (10:1v/v,) solution (2 ´10-3 M) of AgClO4.The 
spectrum was registered after addition and the temperature of NMR probe 
kept constant at 27 °C (Figure 5). 
 
The 1H NMR data of the most representative complexes is given below: 
cone-2ÉAg+: dH (CDCl3:CD3CN, 10:1) 1.09 (18H, s, tBu), 3.44 (9H, s, N-CH3), 
4.30 (6H, d, J 12.9, ArCH2(eq)O ), 4.51 (6H, d, J 12.9, ArCH2(ax)O ), 4.98 (6H, 
s, ArOCH2Imme), 6.92 (6H, s, ArH), 6.98 (3H, d, J 1.2 ImmeH4), 7.09 (3H, d, 
J 1.2 ImmeH5). 
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3.3.5. Crystallographic data for cone-2 and partial-cone-2 
 
Crystals were grown up by slow evaporation of a solution of both 
cone-2 and partial-cone-2 in CH3OH and chloroform at room temperature. 
Crystal data for cone-2a(Table 5): C51H66N6O6, 5(H2O), M = 949.2.  
Monoclinic, space group P21/a (equiv. to no. 14), a = 20.601(3), b = 
10.4910(13), c = 24.723(6) Å, β = 100.277(16) °, V = 5257.3(16) Å3. Z = 4, Dc 
= 1.199 g cm-3, F(000) = 2048, T = 140(2) K, μ(Mo-Kα) = 0.8 cm-1, λ(Mo-Kα) 
= 0.71069 Å.  
 
Crystals are colourless tapered prisms. One, ca 0.46 x 0.16 x 0.16 
mm, was mounted in oil on a glass fibre and fixed in the cold nitrogen stream 
on an Oxford Diffraction Xcalibur-3 CCD diffractometer equipped with Mo-Kα 
radiation and graphite monochromator.  Intensity data were measured by 
thin-slice ω- and φ-scans.  Total no. of reflections recorded, to θmax = 22.5°, 
was 42404 of which 6840 were unique (Rint = 0.187); 3403 were 'observed' 
with I > 2σI.  
 
Data were processed using the CrysAlis-CCD and -RED [16] programs. 
The structure was determined by the direct methods routines in the SHELXS 
program and refined by full-matrix least-squares methods, on F2's, in SHELXL 
[17]. The non-hydrogen atoms were refined with anisotropic thermal parameters.  
The oxygen and hydrogen atoms of five solvent (water) molecules were 
identified; the hydrogen atoms were refined freely.  All other hydrogen atoms 
were included in idealised positions and their Uiso values were set to ride on the 
Ueq values of the parent carbon atoms (Figure 4a). At the conclusion of the 
refinement, wR2 = 0.109 and R1 = 0.154 for all 6840 reflections weighted w = 
[σ2(Fo2) + (0.0288P)2]-1 with P = (Fo2 + 2Fc2)/3; for the 'observed' data only, R1 = 
0.058. 
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In the final difference map, the highest peak (ca 0.23 eÅ-3) was close to 
H(12F). Scattering factors for neutral atoms were taken from reference [18]. 
Computer programs used in this analysis have been noted above [19] and were 
run on a Dell Precision 370 PC at the University of East Anglia. Crystallographic 
data (excluding structure factors) for the structures have been deposited with the 
Cambridge Crystallographic Data Centre as supplementary publication numbers 
CCDC 245504. 
 
Table 5. Crystallographic data for cone-2.  
______________________________________________________________ 
Formula   C51H66N6O6.5H2O 
Formula weight              949.2 
Crystal system   Monoclinic 
Crystal size   0.46 x 0.16 x 0.16 mm 
Space group   P 21/a (equiv. to no. 14) 
  Unit cell dimensions  a = 20.601(3) Å    α =  90 ° 
                                   b = 10.4910(13) Å  β = 100.277(16) ° 
                                   c = 24.723(6) Å    γ =  90 ° 
  Volume    5257.3(16) Å3 
  No. of formula units, Z   4 
  Calculated density  1.199 Mg/m3 
  F(000)    2048 
  Temperature   140(1) K 
  Wavelength   0.71073 Å 
  No. of reflections  42404 
  No. of unique reflections 6840 
R(int) for equivalents  0.187 
  No. of 'observed' reflections 3403 
 (I > 2σI)    
  Goodness-of-fit on F2  0.886 
  Final R indices ('observed') R1 = 0.058, wR2 = 0.088 
  Final R indices (all data) R1 = 0.154, wR2 = 0.109 
  Reflections weighted  w = [σ2(Fo2)+(0.0288P)2]-1  
where P=(Fo2+2Fc2)/3 
  _____________________________________________________________ 
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Chapter 4 
 
Novel ion-pair receptors based on 
hexahomotrioxacalix[3]arene derivatives 
 
4.1. Introduction 
 
Calixarenes represented macrocyclic compounds widely used in supramolecular 
chemistry for the construction of various receptors for the complexation of 
charged or neutral molecules [1]. As calixarenes have a cavity-shaped 
architecture, they are useful building blocks for host-guest type receptors 
through appropriate modifications. Hexahomotrioxacalix[3]arene derivatives with 
C3 symmetry can selectively bind ammonium ions, which play important roles in 
both chemistry and biology [2]. Recently, we reported the construction of C3 
symmetry functionalized hexahomotrioxacalix[3]arenes, which selectively 
recognize primary ammonium ions [3].  
 
 Anion recognition, complexation and transport were recognized only 
rather recently as a very important part of supramolecular chemistry. There are 
several different strategies used for anion complexation. Basically, the receptors 
can be divided into two main groups: (i) charged systems exploring electrostatic 
interactions with positively charged species (polyammonium [4] and guanidinium 
salt, quaternary ammonium salts); (ii) neutral systems [5] using other kind of 
interactions, such as donor-acceptor interactions (receptors based on Lewis 
acids), hydrogen bonds, hydrophobic effects etc.  
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 The design and application of new heteroditopic receptor systems 
capable of simultaneous coordination of both anionic and cationic guest species 
has recently attracted a great deal of interest, as these systems have the 
potential to act as salt solubilisation, extraction, and membrane transport agents 
[6]. However, the design of convergent heteroditopic receptors is quite a 
challenge because the ion binding sites have to be incorporated into a suitably 
preorganized scaffold that holds them in close proximity, but not so close that the 
sites interact. One of the first successful examples of a ditopic salt receptor for 
associated of ion-pairs reported by Reetz [7(a)]. The Lewis acidic boron atom 
can form a reversible dative bond with F- anion, which promotes simultaneous 
coordination of a K+ cation by the oxygen atoms in the surrounding crown ether. 
A growing area of supramolecular research is the topic of controlled self 
assembly, and a number of groups have shown how salts can be used to 
template the dimerization of receptors with water often acting as a stabilizing 
agent [7(b)]. In some cases, the assembled aggregate is large enough to act as 
a capsule and completely encapsulate both ions of the salt [7(c)]. A related 
design is the so-called “venus fly trap” capsule. An example of this design was 
recently reported by Atwood and coworkers, who showed that an extended, 
deep-cavity resorcinarene derivative can completely encapsulate a NMe4+ cation 
with a Cl- anion positioned by hydrogen bonding at the capsule entrance [7(d)]. 
Recently, Beer reported that a novel heteroditopic calix[4]diquinone receptor [8] 
capable of binding an anion and cation simultaneously in a cooperative fashion 
is shown only to recognize halide anions in the presence of a suitable cobound 
cationic guest species, and displays affinity for certain ion-pairs where no affinity 
for either of the free ions is observed. A number of receptors whereby an anion 
and cation are bound separately within the receptor have been reported 
previously [9]. In these systems, the cation may be bound using a number of 
common motifs, while the anion is coordinated using Lewis acidic, electrostatic, 
or hydrogen bonding interactions [10]. Interest in a contact ion-pair binding 
approach, wherein the anion and cation are bound essentially as one moiety, is 
particularly noteworthy as this avoids the energetically unfavorable separation of 
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the two ions [11]. Importantly, the geometry of the ditopic receptor must be 
optimised so that the anion and cation binding sites are located in proximity so 
as to enhance this interaction, as incorrect orientation could lead to the ion pair 
associating outside of the receptor, or solvent-separated ion binding. 
Consideration of the conformation isomerism of homooxacalix[3]arene 
derivatives and flexible ring inversion by the ethereal linkages, there is 
substantial interesting in investigating their derivatives. Furthermore, the 
C3-symmtry of homooxacalix[3]arene can be bind with primary ammonium ions 
having potential function not only in chemistry but in biological system. The 
homooxacalix[3]arene can be used as the platform for the construction of a 
flexible host molecule in investigating the hydrogen bonding, metal affinity, and 
the contribution of the both them in the biomimetic system. In this chapter, 
described the design, synthesis and binding properties of one such rare system, 
which demonstrates a dramatic enhancement of anion binding by a cobound 
n-butylammonium ion. 
 
 
4. 2. Results and Discussion 
 
cone-Hexahomotrioxacalix[3]arene tricarboxylic acid cone-3 was 
prepared by hydrolysis of cone-[(N,N-diethylaminocarbonyl) 
methoxy]hexahomotrioxacalix[3]arene cone-2 with KOH aq. in a mixture of 
dioxane and water, which was prepared by O-alkylation of 1 with 
N,N-diethylchloroacetoamide in the presence of NaH in refluxing THF according 
to the reported procedures [12]. cone-Hexahomotrioxacalix[3]arene triamide 
derivatives (cone-5a–5d) were prepared by a condensation reaction of cone-3 
with the amino compounds (4a–4d) in the presence of DCC and HOBt at room 
temperature for 20 h in CH2Cl2. The corresponding triamides cone-5a–5d was 
obtained in 59, 61, 50 and 55% yields, respectively (Scheme 1).  
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 Conformation assignment for the new hexahomotrioxacalix[3]arene 
triamide derivatives 5a–5d are firmly established by the presence of the bridging 
methylene protons with a Dd separation between Hax and Heq of 0.59, 0.61, 0.66 
and 0.70 ppm respectively in 1H NMR spectrum(CDCl3). In the calix[4]arenes, 
the Dd values of the ArCH2Ar protons have been correlated to the orientation of 
adjacent aromatic rings, i.e. Dd>1 ppm with cone conformation or syn orientation, 
Dd of about 0.5 with flattened cone or out orientation, Dd of 0 ppm with 
1,3-alternate or anti orientation [13]. The same findings were observed in 
homotrioxacalix[3]arenes [14]. Additional, the singlet peaks of tert-butyl protons 
and calix benzene protons for 5a–5d, it could be seen that the conformation 
remained in the desired compounds with the cone conformations. Thus, we can 
deduce that triamide derivatives 5a–5d prefer a flattened cone conformation, in 
which favor to the formation of intramolecular hydrogen bonding between the NH 
and the neighboring CO moieties. The single X-ray diffraction determined of the 
compounds 5c and 5d also provided that the structures of 5c and 5d are in cone 
conformations. The artificial receptors, which have carbonyl amide groups in 
their structure, can form intramolecular hydrogen bonding or intermolecular 
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hydrogen bonding based on the solvent. Such as in THF, dioxane, MeCN, and 
DMSO these hydrogen bonding acceptor solvents, the receptor can form 
intermolecular hydrogen bonding with these solvents. In another kind of solvent, 
like CHCl3, it can form intramolecular hydrogen bonding. On the other hand, 
when the concentration of compounds 5a–d in CDCl3 were diluted about 40 
times, there are no change of the chemicals shifts, which were attributed to the 
concentration-independent intramolecular hydrogen bonding formed of these 
compounds. The NH protons in compounds 5a–d were shifted to lower field in 
DMSO-d6 instead of CDCl3. These phenomenons were attributed to the 
intermolecular hydrogen bonding formed between the NH proton and solvent 
DMSO-d6. Upon addition of Bu4NCl or Bu4NBr to a 5 ´10-3 M solution of 5a–d in 
CDCl3, no complexations of halide anions were observed. Owing to 
intramolecular hydrogen bonding between NH protons and neighboring CO 
moieties of 5a–d, the anion-binding site is blocked (scheme 2, left). After adding 
an equivalent of n-BuNH3Cl or n-BuNH3Br to the solution of 5a–d (5 ´10-3 M) in 
CDCl3 at 27°C, protons on aromatic rings, ArCH2O, ArOCH2 were dramatically 
shifted to lower magnetic field, which indicate that the binding mode are 
occurred through the p-cavity formed by three aromatic rings. These binding are 
attributed to the p-effect of the aromatic rings because both the host and the 
guest molecules have a C3-symmetric conformation. When compounds 5a–5d 
were complexed with n-BuNH3+ through p-cavity, intramolecular hydrogen 
bonding broken and the conformations of compounds 5a–5d were changed into 
a symmetrical cone conformation. Intramolecular hydrogen bonding between NH 
protons and CO moieties were impossible in this conformation due to the 
rigidification of the hexahomotrioxacalix[3]arene skeleton (Scheme 2, right). This 
is evident from the large downfield shift of the 1H NMR signal for the aromatic 
hydrogens from d=6.90 ppm (Figure 2a) to d=7.29 ppm (Figure 2b). The present 
binding mode can be demonstrated more clearly by using 1H NMR spectroscopy. 
There are two modes for cone-5a–5d to bind with n-butylammonium ion (Figure 
1), i.e., from lower rim through substituent moieties or from the upper rim through 
the p-cavity formed by three aromatic rings.  As shown in Figure 2, the addition 
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of n-BuNH3Cl or n-BuNH3Br to the solution of 5d (5 ´10-3 M) in CDCl3 results in a 
clear downfield shift of the 1H NMR signals of the NH protons, indicating 
complexation of the anionic guests through hydrogen bonding [15]. 
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Figure 1. Binding mode for ion-pair recognitions of host cone-5 and n-BuNH3X 
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Scheme 2. Complexation of n-BuNH3+ ions by cone-5 (R= CH3, H, F, and CF3) 
 
 Additionally, we have also investigated host compounds 5a–5d with 
Bu4NCl in presence of n-butylammonium picrate in CDCl3 at 27°C. When 
compounds 5a–5d were complexed with n-butlyammonium picrate through 
p-cavity, intramolecular hydrogen bonding also broken and the conformations of 
compounds 5a–5d were changed into a symmetrical cone conformation. This is 
evident from the large downfield shift of the 1H NMR signal for the aromatic 
hydrogens from d= 6.93 ppm (Figure 3a) to d= 7.29ppm (Figure 3b), for example 
in the case of the addition of Bu4NCl to the solution of 5d (5 ´ 10-3 M) in CDCl3. 
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The addition of Bu4NCl or Bu4NBr to a (5´10-3M) solution of the 5Ìn-BuNH3+ 
results in a clear downfield shift of the 1H NMR signals of the NH protons 
indicating complexation of the anionic guests through hydrogen bonding14. 
Similar results also observed in the case of compounds 5a-5c. These results 
show that 5a–5d can simultaneously complex n-BuNH3+ and Cl- or Br- ions and 
that n-BuNH3+ complexation induces a structural change that is prerequisite for 
anion complexation. This process resembles a heterotopic allosteric effect [16].  
 
Based on this observation, we investigate the complexation of 
cone-5a–d with n-butylammonium halide counterions. With the addition of 
n-butylammonium halide counterions, the proton peaks in cone-5 were 
separated into complex and uncomplex. The integral intensity of proton peaks of 
the complex was increased with an increasing amount of the n-butylammonium 
halide counterions, and changed to complex completely. The downfield shift of 
NH protons might be attributed to the presence of the anionic guest close to the 
NH group by the intermolecular hydrogen bonding. The chloride anion induces a 
larger downfield shift for the amide hydrogen of cone-5 than the bromide anions 
does. For example, in receptor cone-5d significant downfield shifts (Figure 2) of 
Dd= +0.97ppm for the NH proton in the case of Cl- and Dd= +0.53ppm for the NH 
proton in the case of Br-, were observed. Furthermore, 1:1 host-guest 
complexation process was obtained by electrospray ionization(ESI) mass 
spectroscopy of receptor cone-5d with n-BuNH3Cl. The ESI-MS spectrum of an 
equivalent solution of the receptor cone-5d and n-butylammonium 
chloride(Figure 4) exhibited peaks corresponding to the 1:1 host-guest complex 
peak at m/z 1252.54 [R + G –H –Cl=]+ and 1253.54 [R + G +H –Cl=]+ 1253.54; 
where R represents the host receptor cone-5d and G represents 
n-butylammoniumchloride. Similar finding were also observed for the 
complexation of receptors 5a-c with n-BuNH3+X-. As the electronegativity of the 
halogen atom decreased with the series of Cl, Br and I atoms, the intensity of 
hydrogen bonding formed between their anions and NH protons should be 
decreased following the same order. In fact, in 1H NMR spectrum of a mixture of 
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cone-5 and n-BuNH3+X-, a larger downfield of chemical shift in the complex of 
NH with Cl- was observed as compared with Br- and I-. As shown in Figure 5, the 
chemical shifts of cone-5 are different in the absence or presence of 
n-butylammonium ion. After adding an equivalent of n-BuNH3Cl with cone-5d in 
CDCl3 at 27°C, methylene protons of ArCH2O and ArOCH2 were dramatically 
shifted to lower magnetic field, indicating that the binding mode is occurring 
through the p cavity formed by the three aromatic rings. This binding is attributed 
to the p effect of aromatic rings on the C-H protons of the alkyl groups because 
both the host and guest molecules have C3-symmetric conformation. With an 
excess of n-BuNH3Cl, the free guest molecule and the encapsulated guest 
molecule were clearly observed by 1H NMR spectroscopy in which the 
encapsulated one was shifted up field: CH3(d 0.95-0.33, Dd= -0.62ppm), 
CH3CH2(d 145-0.31, Dd= -1.14ppm), CH3CH2CH2 (d 177-0.27, Dd= -1.5ppm), 
CH2NH(d 3.00-0.22, Dd= -2.78ppm), NH((d 9.71-10.68, Dd= +0.97ppm. As, 
mentioned above, Dd between Hax and Heq of the ArCH2Ar methylene protons in 
calix[4]arene serves as a measure of the “flattening”. The Dd value increases 
from 0.70 to 1.12ppm in cone-5d upon the binding of n-BuNH3+. These findings 
imply that cone-5d stands up when the guest is included because n-BuNH3Cl 
enters into p cavity formed by the three aromatic rings and Cl- complexes with 
NH by hydrogen-bonding interaction. Similar finding were observed in the case 
of cone-5a-c and n-BuNH3Cl (the Dd value increases from 0.61 to 1.18ppm for 
cone-5a; from 0.59 to 1.12ppm for cone-5b; 0.64 to 1.15ppm for cone-5c).  
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 Figure 2. Partial 1H NMR spectra of cone-5d(CDCl3, 5?10-3M) a) free cone-5d, 
b) cone-5d?n-BuNH3Cl(1:1)  and  c) cone-5d?n-BuNH3Br(1:1). * denoted 
the solvent peak; ? ? ? ? and ? denoted the complex peaks; ? ? ? ? and ? 
denoted the free peaks. 
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 Figure 3. Partial 1H NMR spectra of cone-5d(CDCl3, 5?10-3M) a) Uncomplex, 
b) cone-5d?Bu4NCl(1:1); d) cone-5d?n-BuNH3Pic(1:1); d)Bu4NCl?[cone-5d
?n-BuNH3Pic](1:1:1). * denoted the solvent peak; ? ? ? ?  and ? denoted the 
complex peaks; ? ? ? ? and ? denoted the free peaks. 
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The association constants calculated from the calculated from these 
changes in chemical shifts of the amide protons (CONH) summarized in Table 1. 
As shown in Table 1, the corresponding complexation constants depend on 
substituents effect of the substituting groups of the lower rim. Owing to the 
present of more electronegative atom (F) present of the substituting groups in 
the receptor 5c–d the association is higher than receptors 5a–b. These results 
suggest that the substituents effect also enhancement of the amide 
complexation with anions. Receptors 5a–d shows a preference for Cl- 
complexation than Br- complexation. This finding suggest that the cavity formed 
by the three-fold amide moieties is more complementary to the size of Cl- than 
that of Br-, as well as higher electronegativity of Cl- than that of Br-. 
 
Table 1. Association constantsa(Kass, M
-1) and free energies of association(-DG, kJmol-1)
              of hosts cone-5a, cone-5b, cone-5c and cone-5d with guest anionsb.
Hosts             Kass               -DGo                      Kass          -DGo
cone-5a        8520?510          22.60              1731?122    18.60           
cone-5b        8750?534          22.78              1975?195     18.98
cone-5c     10655?656           23.02              2450?210     19.12
cone-5d     13450?965           23.33              3120?255    19.52
Cl-                                                      Br-
aMeasured in CDCl3 at 27°C by the 1H NMR titration method of the chemical shift 
change of the NH proton, host concentration was 5?10-3M. bAnions were used 
as their n-butyammonium salts. 
 
In the case of tri(urea)-functionalized calix[6]arene, the anion 
complexation is preferred for Br- because it has a large calix cavity and the three 
functionalized moieties in the 1,3, and 5 positions of calix[6]arene [15a] are more 
complementary to the size of Br- than that of Cl-. Calix[5]arene derivatives were 
reported to complex with alkylammonium ions and display an enzyme like 
selectivity [17] towards biologically important ammonium substrates. Since 
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hexahomotrioxacalix[3]arenes and their derivatives have C3-symmetric 
conformation, they can bind with primary ammonium ions, having a potential 
function not only in chemical but also in biological systems [2]. 
O OOO
O
F3C
N
CF3
N
CF3
N
N+
HHH
O
O O O
HH H
Cl-
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Figure 4. ESI-Mass spectra of cone-5d complex with n-BuNH3Cl. 
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Figure 5. X-ray structure of cone-5c and 5b. 
 
 
4.3. Experimental 
  
All mps (Yanagimoto MP-S1) are uncorrected. 1H NMR spectra were 
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determined 300 MHz with a Nippon Denshi JEOL FT-300 NMR spectrometer 
with SiMe4 as an internal reference: J-values are given in Hz. IR spectra were 
measured for samples as KBr pellets in a Nippon Denshi JIR-AQ2OM 
spectrophotometer. UV spectra were measured by Shimadzu 240 
spectrophotometer. Elemental analyses were performed by Yanaco MT-5. Data 
of X-ray diffraction was collected on Bruker SMART 1000 CCD diffractometer. 
X-ray analysis was performed with SHELXTL program package and the 
structure was solved uneventfully by direct method. 
 
Materials. cone-Hexahomotrioxacalix[3]arene triacetic acid(cone-3) was 
prepared according to the previous reported procedure[11]. 
 
 
4.3.1. Synthesis 
 
Synthesis of cone-7,15,23-tri-tert-butyl-25,26,27-tris[(4-methylphenylamin- 
ocarbonyl)methoxy]-2,3,10,11,18,19-hexahomo-3,11,19-trioxacalix-[3]arene 
(cone-5a): To a solution of cone-3 (100 mg, 0.133 mmol), p-toluidine (130 mg, 
1.17 mmol) and 1-hydroxybenzotriazole (HOBt) (26mg, 0.17 mmol) in CH2Cl2 
(12 ml) was added drop wise a solution of dicyclohexylcarbodiimide (DCC) 
(190 mg; 0.92mmol) in CH2Cl2 (5 ml) at 0°C. The reaction mixture was stirred 
for 15h at room temperature; it was condensed under reduced pressure. The 
residue was extracted with ethyl acetate (2 ´ 30 ml). The combined extracts 
were washed with 10% citric acid (2 ´ 20 ml), 5% sodium bicarbonate (20 ml), 
water (20 ml), saturated brine (20 ml), dried (Na2SO4) and condensed under 
reduce pressure. The residue was recrystallized from methanol gave cone-5a 
(83mg, 61%) as colorless prisms; m.p. 234–236 °C; nmax (KBr)/cm-1 3298, 
2959, 2863, 1689, 1604, 1532, 1481, 1406, 1362, 1310, 1198, 1069, 881, 817, 
753, 661, 506; 1H NMR (CDCl3) d: 1.14 (27H, s, t-Bu), 2.25 (9H, s, Ph-CH3), 
4.27 (6H, d, J 12.0, ArCH2O), 4.38 (6H, s, ArOCH2), 4.86 (6H, d, J 12.0, 
ArCH2O), 6.92 (6H, s, Ar-H), 6.94 (6H, d, J 8.4, Ph-Ha), 7.43 (6H, d, J 8.4, 
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Ph-Hb) and 9.42 (3H, s, NH); MS m/z: 1018 (M+). Anal. calcd. for C63H75O9N3: 
C, 74.31; H, 7.42; N, 4.13. Found: C, 74.52; H, 7.53; N, 4.30 %. 
 
Synthesis of cone-7,15,23-tri-tert-butyl-25,26,27-tris[(phenylaminocarbonyl)- 
methoxy]-2,3,10,11,18,19-hexahomo-3,11,19-trioxacalix[3]arene (cone-5b). 
To a solution of cone-3 (100 mg, 0.133 mmol), aniline (108 mg, 1.17 mmol) 
and 1-hydroxybenzotriazole (HOBt) (26mg, 0.17 mmol) in CH2Cl2 (12 mL) 
was added drop wise a solution of dicyclohexylcarbodiimide (DCC) (190 mg; 
0.92mmol) in CH2Cl2 (5 mL) at 0°C. After the mixture was stirred for 20h at 
room temperature, it was condensed under reduced pressure. The residue 
was extracted with ethyl acetate (30 mL ´ 2). The combined extracts were 
washed with 10% citric acid (20 mL ´ 2), 5% sodium bicarbonate (20 mL), 
water (20 mL), saturated brine (20 mL), dried (MgSO4) and condensed under 
reduce pressure. The residue was recrystallized from methanol gave cone-5b 
(75mg, 55%) as colorless prisms; m.p. 200 °C; nmax (KBr)/cm-1 3298, 2959, 
2863, 1689, 1602, 1537, 1483, 1445, 1363, 1311, 1198, 1068, 879, 754, 693, 
503; 1H NMR (CDCl3) d: 1.15 (27H, s, t-Bu), 4.27 (6H, d, J= 12.0, ArCH2O), 
4.12 (6H, s, ArOCH2), 4.88 (6H, d, J= 12.0, ArCH2O), 6.92 (6H, s, Ar-H), 
7.02(3H, t, J= 8.8, Ph-Hc), 7.15 (6H, t, Ph-Hb), 7.57(6H, d, J 8.8, Ph-Ha) and 
9.52(3H, s, NH); MS m/z: 976.51(M+). Anal. calcd. for C60H69O9N3: C, 73.82; 
H, 7.12; N, 4.30, Found: C, 73.76; H, 7.12; N, 4.34 %. 
 
 
Synthesis of cone-7,15,23-tri-tert-butyl-25,26,27-tris[(4-flurophenylamino- 
carbonyl)methoxy]-2,3,10,11,18,19-hexahomo-3,11,19-trioxacalix[3]arene 
(cone-5c):To a solution of cone-3 (100 mg, 0.133 mmol), 4-fluroaniline(130 
mg, 1.17 mmol) and 1-hydroxybenzotriazole (HOBt) (26mg, 0.17 mmol) in 
CH2Cl2 (12 mL) was added drop wise a solution of dicyclohexylcarbodiimide 
(DCC) (190 mg; 0.92mmol) in CH2Cl2 (5 mL) at 0°C. After the mixture was 
stirred for 15h at room temperature, it was condensed under reduced 
pressure. The residue was extracted with ethyl acetate (30 mL ´ 2). The 
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combined extracts were washed with 10% citric acid (20 mL ´ 2), 5% sodium 
bicarbonate (20 mL), water (20 mL), saturated brine (20 mL), dried (Na2SO4) 
and condensed under reduce pressure. The residue was recrystallized from 
methanol gave cone-5c (68mg, 50%) as colorless prisms; m.p. 204–206 °C; 
nmax (KBr)/cm-1 3295, 2960, 2863, 1691, 1614, 1514, 1465, 1409, 1365, 1306, 
1206, 1067, 881, 832, 661, 511, 504; 1H NMR (CDCl3) d: 1.16 (27H, s, t-Bu), 
4.22 (6H, d, J= 12.0, ArCH2O), 4.42 (6H, s, ArOCH2), 4.86 (6H, d, J 12.0, 
ArCH2O), 6.85(6H, m, Ph-Hb), 6.90 (6H, s, Ar-H), 7.48 (6 H, m, Ph-Ha) and 
9.52 (3 H, s, NH); MS m/z: 1030 (M+). Anal. calcd. for C63H66 F3O9N3: C, 
69.95; H, 6.46; N, 4.08. Found: C, 69.95; H, 6.46; N, 4.01 %. 
 
Synthesis of cone-7,15,23-tri-tert-butyl-25,26,27-tris[(4-tri-fluromethylphenyl- 
aminocarbonyl)methoxy]-2,3,10,11,18,19-hexahomo-3,11,19-trioxacalix[3]are
ne (cone-5d): To a solution of cone-3 (100 mg, 0.133 mmol), 4-(trifluromethyl) 
aniline (188 mg, 1.17 mmol) and 1-hydroxybenzotriazole (HOBt) (26mg, 0.17 
mmol) in CH2Cl2 (12 mL) was added drop wise a solution of 
dicyclohexylcarbodiimide (DCC) (190 mg; 0.92mmol) in CH2Cl2 (5mL) at 0°C. 
After the mixture was stirred for 15h at room temperature, it was condensed 
under reduced pressure. The residue was extracted with ethyl acetate (30 
mL´2). The combined extracts were washed with 10% citric acid (20 mL´2), 
5% sodium bicarbonate (20 mL), water (20 mL), saturated brine (20 mL), 
dried (Na2SO4) and condensed under reduce pressure. The residue was 
recrystallized from methanol gave cone-5d (86 mg, 55%) as colorless prisms; 
m.p. 198–200 °C; nmax (KBr)/cm-1 3284, 2961, 2870, 1695, 1606, 1539, 1484, 
1413, 1327, 1256, 1165, 1123, 1068, 882, 843, 755, 687, 588, 506; 1H NMR 
(CDCl3) d: 1.17 (27H, s, t-Bu), 4.18 (6H, d, J= 12.0, ArCH2O), 4.49 (6H, s, 
ArOCH2), 4.88 (6H, d, J= 12.0, ArCH2O), 6.90 (6H, s, Ar-H), 7.37(6H, d, J= 
8.7, Ph-Hb), 7.63 (6H, d, J= 8.4, Ph-Ha) and 9.71 (3H, s, NH); MS m/z: 1180 
(M+). Anal. calcd. for C63H66 F9O9N3: C, 64.13; H, 5.62; N, 3.59. Found: C, 
64.11; H, 5.64; N, 3.56 %. 
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4.3.2. Determination of association constants  
 
The measurements were performed by 1H NMR titration experiments in 
a varying guest concentration of 0-50 ´ 10-3 M-1 and a constant concentration of 
host receptors (5 ´ 10-3 M-1). As a probe the chemical shift of the amide protons 
(NH) signal was used. The association constant values were calculated by the 
integral intensity of NH protons in the complex and free host molecules 
according to the literature [18]. 
 
4.3.3. 1H NMR titration experiments  
 
To a CDCl3 solution (5 ´ 10-3 M) of cone-5 in the NMR tube was added a 
CDCl3 solution (5 ´  10-3 M) of n-BuNH3X(X=Cl, Br) and also done with Bu4NX(Cl, 
Br) in the presence of n-BuNH3Pic. The spectrum was registered after addition 
and the temperature of NMR probe kept constant at 27 °C. 
 
4.3.4. Crystallographic data for cone-5d 
 
Crystals were grown up by slow evaporation of a solution of both 
cone-5c and cone-5d in CH3OH and chloroform at room temperature. Crystal 
data for cone-5d: C63H66F9N3O9, M = 1180.2. Monoclinic, space group Cc (no. 9), 
a = 16.3465(11), b = 23.3116(18), c = 17.2917(13) Å, b = 116.247(7) °, V = 
5909.8(8) Å3. Z = 4, Dc = 1.326 g cm-3, F(000) = 2472, T = 293(1) K, m(Mo-Ka) = 
1.1 cm-1, l (Mo-Ka) = 0.71069 Å.  
 
Crystals are large, beautiful, colourless blocks. One was cut down to ca 0.87 x 
0.73 x 0.51 mm, fixed on a glass fibre with epoxy resin, and mounted on an 
Oxford Diffraction Xcalibur-3 CCD diffractometer equipped with Mo-Ka radiation 
and graphite monochromator.  Intensity data were measured by thin-slice ω- 
and φ-scans.  Total no. of reflections recorded, to θmax = 30°, was 42557 of 
which 16356 were unique (Rint = 0.025); 11023 were 'observed' with I > 2σI.  
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 Data were processed using the CrysAlis-CCD and -RED [19] programs.  
The structure was determined by the direct methods routines in the SHELXS 
program and refined by full-matrix least-squares methods, on F2's, in SHELXL 
[20]. One tert-butyl group was disordered in two orientations. Except for the 
minor component C-atoms in the disordered group, the non-hydrogen atoms 
were refined with anisotropic thermal parameters. Hydrogen atoms were 
included in idealised positions and their Uiso values were set to ride on the Ueq 
values of the parent carbon atoms. At the conclusion of the refinement, wR2 = 
0.140 and R1 = 0.085 (2B) for all 16356 reflections weighted w = [σ2(Fo2) + 
(0.0648P)2 + 1.86P]-1 with P = (Fo2 + 2Fc2)/3; for the 'observed' data only, R1 = 
0.056. 
 
 In the final difference map, the highest peak (ca 0.24 eÅ-3) was close to 
O(12A). Scattering factors for neutral atoms were taken from reference [21]. 
Computer programs used in this analysis have been noted above, and were run 
through WinGX [22] on a Dell Precision 370 PC at the University of East Anglia. 
Crystallographic data (excluding structure factors) for the structures in this paper 
have been deposited with the Cambridge Crystallographic Data Centre as 
supplementary publication numbers CCDC 245504.  
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Chapter 5   
 
A Novel Ditopic Receptor Based on Lower and Upper Rim 
Substituted Hexahomotrioxacalix[3]arene Derivatives   
 
 
5.1. Introduction 
 
Calixarenes and their derivatives are attractive compounds for 
host-guest chemistry and supramolecular chemistry. An easy access to their 
functionalizations at the upper and lower rims provides them suitable binding 
sites for guest encapsulation and molecular assembly [1]. The design and 
application of new heteroditopic receptor systems capable of simultaneous 
coordination of both anionic and cationic guest species has recently attracted a 
great deal of interest, as these systems have the potential to act as salt 
solubilisation, extraction, and membrane transport agents [2]. However, the 
design of convergent heteroditopic receptors is quite a challenge because the 
ion binding sites have to be incorporated into a suitably preorganized scaffold 
that holds them in close proximity, but not so close that the sites interact. One of 
the first successful examples of a ditopic salt receptor for associated of ion-pairs 
reported by Reetz [3(a)]. The Lewis acidic boron atom can form a reversible 
dative bond with F- anion, which promotes simultaneous coordination of a K+ 
cation by the oxygen atoms in the surrounding crown ether. A growing area of 
supramolecular research is the topic of controlled self assembly, and a number 
of groups have shown how salts can be used to template the dimerization of 
receptors with water often acting as a stabilizing agent [3(b)]. In some cases, the 
assembled aggregate is large enough to act as a capsule and completely 
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encapsulate both ions of the salt [3(c)]. A related design is the so-called “venus 
fly trap” capsule. An example of this design was recently reported by Atwood and 
coworkers, who showed that an extended, deep-cavity resorcinarene derivative 
can completely encapsulate an NMe4+ cation with a Cl- anion positioned by 
hydrogen bonding at the capsule entrance [3(d)]. Recently, Beer reported that a 
novel heteroditopic calix[4]diquinone receptor [4(a)] capable of binding an anion 
and cation simultaneously in a cooperative fashion is shown only to recognize 
halide anions in the presence of a suitable cobound cationic guest species, and 
displays affinity for certain ion-pairs where no affinity for either of the free ions is 
observed. By incorporating aza-crown moieties into amide-based ruthenium 
bipyridyl anion receptors, chloride binding was shown to be enhanced by the 
proximity of bound potassium within the crowns [4(b)]. In a similar approach, 
Reinhoudt and co-workers [5] took advantage of the ease of derivatization of 
calix[4]arenes to build new salt-binders. By functionalizing the metacyclophane 
on its lower-rim with cation binding features, and functionalizing its upper-rim 
with hydrogen bonding donors (ureas), they obtained several heterotropic 
systems (which contain binding sites for different substrates) presenting 
cooperative binding properties. They demonstrated that prior sodium binding 
induces a large ligand conformational rearrangement, which preorganizes the 
hydrogen-bonding groups for efficient anion complexation. By targeting 
phosphoryl-choline derivatives, which form a family of biologically relevant 
zwiterrions, de Mendoza and co-workers [6] prepared an efficient calix[6]arene- 
based receptor which binds both cationic and anionic parts of the target and 
offers a synthetic alternative to the very costly catalytic antibody technology. A 
number of receptors whereby an anion and cation are bound separately within 
the receptor have been reported previously [7]. In these systems, the cation may 
be bound using a number of common motifs, while the anion is coordinated 
using Lewis acidic, electrostatic, or hydrogen bonding interactions [8]. Interest in 
a contact ion-pair binding approach, wherein the anion and cation are bound 
essentially as one moiety, is particularly noteworthy as this avoids the 
energetically unfavorable separation of the two ions [9]. Importantly, the 
Shofiur Rahman                                                     Saga University, Japan 
 103 
geometry of the ditopic receptor must be optimised so that the anion and cation 
binding sites are located in proximity so as to enhance this interaction, as 
incorrect orientation could lead to the ion pair associating outside of the receptor, 
or solvent-separated ion binding. Novel co-operative and allosteric metal salt 
complexing behaviour whereby the biding of the metal cation charged guest can 
enhance, through electrostatic and conformational effects, the subsequent 
coordination of the pairing anion has been demonstrated by a number of ditopic 
amide [10] based receptor systems.   
 
Homooxacalixarenes are latent hosts since they have larger cavities and 
more conformational flexibility than ordinary calixarenes[11-12]. This 
conformational flexibility is useful to induce supramolecular system responding 
to stimulus. For example, Shinkai et al reported that hexahomo- 
trioxacalix[3]arenes were capable of encapsulating and releasing C60 depending 
on the size of alkaline metal cations to be binded in their complexes [12]. 
Hexahomotrioxacalix[3]arene derivatives with C3 symmetry can selectively bind 
ammonium ions, which play important roles in both chemistry and biology [13]. 
Recently, we reported the ditopic receptors of C3 symmetry functionalized 
hexahomotrioxacalix[3]arenes, which recognition of anion and primary 
ammonium ions [14]. 
 
Moving from our interest on the synthesis of heteroditopic receptors that 
function as not only an anion binders but also as cation binder, introduced 
amides functions into the upper rim and diethylamides functions into the lower 
rim of the hexahomooxacalix[3]arene. In this chapter described the synthesis 
and complexation studies of cone-Hexahomotrioxacalix[3]arene triamide 
derivatives, which demonstrates a dramatic enhancement of anion binding on 
lower rim by a cobound Li+ ion on the upper rim. Their recognition behaviour 
towards cations and anions were investigated by 1H NMR experiments in 
CDCl3:CD3CN solution. 
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5.2. Results and Discussion 
 
cone-Hexahomotrioxacalix[3]arene triamide derivatives (cone-4a–4b) 
were prepared by a condensation reaction of cone-3 with the amino compounds 
in the presence of DCC and HOBt at room temperature for 20 h in CH2Cl2. The 
corresponding triamides 4a–4b immobilised in the cone conformation were 
obtained in 49 and 45% yields, respectively (Scheme 1). Refluxing of ethyl 
3,5-bis(hydroxymethyl)-4-hydroxybezoate [15] in p-xylene, afforded the known 
hexahomotrioxacalix[3]arene 1 [11(a)]. The O-alkylated of hexahomotri- 
oxacalix[3]arene 1 with N,N-diethylchloro- acetoamide in the presence of 
NaI/NaH in refluxing THF gave cone-[(N,N-diethylaminocarbonyl)- 
methoxy]hexahomotrioxacalix[3]arene cone-2. Hydrolysis of O-alkylated 
compound cone-2 was carried out with KOH in EtOH/H2O (4:1) solution at 60°C 
for 2h to yield the cone-hexahomotrioxacalix[3]arene tricarboxylic acid cone-3. 
Conformation assignment for the new hexahomotrioxacalix[3]arene triamide 
derivatives 4a–4b are firmly established by the presence of the bridging 
methylene protons with a Dd separation between Hax and Heq of 0.51 ppm and 
0.41 ppm respectively in 1H NMR spectrum(CDCl3). In the calix[4]arenes, the Dd 
values of the ArCH2Ar protons have been correlated to the orientation of 
adjacent aromatic rings, i.e. Dd>1 ppm with cone conformation or syn orientation, 
Dd of about 0.5 with flattened cone or out orientation, Dd of 0.0 ppm with 
1,3-alternate or anti orientation [13]. The same findings were observed in 
homotrioxacalix[3]arenes [14]. Additional, the singlet peaks of the calix benzene 
protons at 7.27ppm and 7.35ppm and NH protons at 7.73 and 8.07ppm for 
4a–4b respectively, it could be seen that the conformation remained in the 
desired compounds with the cone conformations. As the 1H NMR spectra are 
almost uninfluenced by the change of solvent polarity CDCl3, 
CDCl3–CD3CN=10:1, DMSO–d6) conclude that the possible intra-/intermolecular 
hydrogen bonds are very week or absence under the measuring conditions. The 
anion coordination properties were investigates by the 1H NMR titration in 
CDCl3–CD3CN=10:1(v/v) mixture in the presence of various anions such as 
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tetrabutylammonium(TBA) chloride, bromide, acetate and benzoate.  All 
titration experiments were performed with constant concentration of receptor 
(approx. 2´10-4 M) and increasing concentration of anion solution of the host in 
CDCl3 CD3CN(10:1) was prepared. To this solution 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9 
equivalents of the Tetrabutylammonium salts were added in the NMR tube and 
the spectra were recorded. Substantial down field shift of amide NH signal 
observed when tetrabutylammonium chloride and bromide salts were added, 
indicating that anion binding taking place at the amide NH vicinity. Figure 2 
showed the 1H NMR spectra of cone-4b in the presence of lithium and chloride 
ions. The binding mode of the ditopic recptors cone-4 as shown in Figure 1. 
 
Figure 1. Binding mode of cone-4: (a) cone-4ÉLi+. (b) XÌ[cone-5ÉLi+]; (c) 
cone-5ÉX. X=(Cl or  Br) 
 
When an equiv of LiClO4 added with cone-4 solution the DdH values for Hax and 
Heq for the ArCH2O methylene protons are 0.25ppm and 0.20 ppm and 
–COOCH2 of N,N-diethylmethoxycarbonylmethoxy protons are shifted down 
field 3.21ppm and 3.51ppm of cone-4a and cone-4b respectively. It is seen from 
Figure 2a that the DdH values for cone-4bÉLi+ complex (0.21ppm) is smaller than 
that of free cone-4b(0.41ppm). This implies that lithium ions complex with the 
N,N-diethylmethoxycarbonylmethoxy groups and the phenyl groups in the 
cone-4bÉLi+ complex are standup. Similar finding effect also shows in the case 
of cone-4aÉLi+ complex (0.25ppm) is smaller than that of free cone-4a(0.51ppm). 
As a result the host cone-5a and cone-4b have been preorganized for anion 
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inclusion by Li+-binding. Once can expect, therefore, that the association 
constant would be enhanced in the presence of LiClO4. Further addition of 
lithium ions did not change the spectrum, indicating that 1:1 complex with lithium 
ion and cone-4 could be formed. On the other hand, when chloride ions were 
added, a large downfield shift of NH protons was observed as shown in 
spectrum(d) in Figure 2. In order to investigate the binding enhancement of 
anions in the presence of alkali metals, anions titrations were conducted in the 
presence of lithium ions. Obviously a further downfield shift of NH protons signal 
was observed when chloride ions were added in the presence of Li+ ions as 
shown in spectrum(c) in Figure 2. A significant increase in the strength of the 
anion binding is observed when lithium ions are complex simultaneously. 
Chloride binding strength increase more than 20 fold and bromide binding seven 
fold in the presence of lithium ion. This positive cooperative binding of the 
chloride and bromide in the presence of lithium ion could be attributed through 
electrostatic effects of the complexed lithium ions. 
 
(c) Bu4NCl⊂[ cone-4a⊃LiClO4]
(d) cone-4a⊂Bu4NCl
(a) Free cone-4a
(b) cone-4a⊃LiClO4
NH
NH
NH
NH
Figure 2a. Partial 1H NMR titration of cone-4a with guest(H:G=1:1); (a) Free 
cone-4a; (b) cone-4aÉLiClO4; (c) Bu4NClÌ[cone-4aÉLi+]; (d) cone-4aÉBu4NCl. 
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*
(a) Free cone-4b
(b) 4b?Li+
(c) Cl-⊂[4b?Li+]
(d) 4b?Cl-]
NH
NH
NH
NH
Figure 2b. Partial 1H NMR titration of cone-4b with guest(H:G=1:1); (a) Free 
cone-4b; (b) cone-4bÉLiClO4; (c) Bu4NClÌ[cone-4bÉLi+]; (d) cone-4bÉBu4NCl. 
 
 
Figure 3a. Curve of 1H NMR spectra of cone-4a complex with Bu4NX (Cl and Br) 
in the presence of LiClO4 in CDCl3:CD3CN(10:1, v/v). 
 
Upon addition of Bu4NCl in the presence of LiClO4 to a 5´10-3 M solution of 4a–b 
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in CDCl3:CD3CN(10:1, v/v), the NH protons dramatically shifted to lower 
magnetic field(for example Figure 2a). It is evident that receptors cone-4a and 
cone-4b can bind all anions used irrespective of their shapes. Both receptors 
exhibit similar trends in the affinity to spherical anions such as Cl- and Br-. With 
increasing the size/decreasing basicity of halides the association constants are 
regularly diminishing(compare KCl=50±7M-1, KBr=24±5M-1 for cone-4a and 
KCl=150±20M-1, KBr=94±10M-1 for cone-4b).  Interestingly, in the presence of Li+ 
ion the association constants dramatically increases (compare KCl=1082±110M-1, 
KBr=134±12M-1 for cone-4a and KCl=2234±200M-1, KBr=165±20M-1 for cone-4b). 
Whereas, there is no complex ability shows of the receptors of cone-4 with anion 
in the presence of NaClO4. As shown in Figure 3a and Figure 3b, the addition of 
Bu4NX(X=Cl, Br) to the solution of cone-4d (3 ´ 10-3 M) in CDCl3:CD3CN(10:1, 
v/v) in the absence and presence of LiClO4; results in a clear downfield shift of 
the 1H NMR signals of the NH protons, indicating complexation of the anionic 
guests through hydrogen bonding. 
 
Figure 3b. Curve of 1H NMR spectra of cone-4b complex with Bu4NX (Cl and Br) 
in the presence of LiClO4 in CDCl3:CD3CN(10:1, v/v). 
 
On the other hand, the DdH values for cone-4bÉNa+ complex (0.11ppm) is 
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smaller than that of cone-4b(0.41ppm). Similar finding effect also shows in the 
case of cone-4aÉNa+ complex (0.15ppm) is smaller than that of 
cone-4b(0.51ppm). This indicates that the phenyl groups in the cone-4ÉNa+ 
complex further more standup[11(b)] when the N,N-diethylmethoxy- 
carbonylmethoxy groups interact with `large` Na+ then the amide moieties of the 
upper rim very close each other and anion binding site would be block.   
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5.3. Experimental Section 
 
 All mps (Yanagimoto MP-S1) are uncorrected. 1H NMR spectra were 
determined 300 MHz with a Nippon Denshi JEOL FT-300 NMR spectrometer 
with SiMe4 as an internal reference: J-values are given in Hz. IR spectra were 
measured for samples as KBr pellets in a Nippon Denshi JIR-AQ2OM 
spectrophotometer. UV spectra were measured by Shimadzu 240 
spectrophotometer. Elemental analyses were performed by Yanaco MT-5. Data 
 
Shofiur Rahman                                                     Saga University, Japan 
 110
of X-ray diffraction was collected on Bruker SMART 1000 CCD diffractometer. 
X-ray analysis was performed with SHELXTL program package and the 
structure was solved uneventfully by direct method. 
 
 
5.3.1. Synthesis 
Synthesis of Ethyl 3,5-bis(hydroxymethyl)-4-hydorxybenzoate: Ethyl 
4-hydroxybenzoate (20g, 0.12m) was dissolved in cold aqueous NaOH(6g in 
50mL H2O) and condensed with aqueous formaldehyde (30ml, 37% solution). 
After two days interval added additional 2´30ml of aqueous formaldehyde 
solution and condensed one week. After cooling to room temperature, the 
vigorously stirred solution with neutralized using of 4N HCl (25mL) solution, 
resulting in the formation of yellow oil. The oil was extracted with CHCl3 
(3´50mL) and the extract organic layer dried with MgSO4. The solution was 
filtered and removed under reduced pressure to yield a pale yellow tar. The tar 
was dissolved in (CHCl3:CH3OH; 1:5), cooled to O°C for 12h and filtered to 
gave pale yellow solid(11.2g, yield 41.13%). Recrystallized from 
(CHCl3:CH3OH; 3:1) gave Ethyl 3,5-bis(hydroxymethyl)- 
4-hydorxybenzoate(7.5g, 28% ) as a white solid, mp. 122-123°C. 1H NMR 
(DMSO-d6)d:  1.28(t, 3H, -CH3), 4.25(q, 2H, -OCH2-), 4.55(s, 4H, ArCH2O-), 
7.82(s, 2H, ArH) and 9.36(s, 1H, ArOH). 
 
Synthesis of 7,15,23-Triehtylacetoxy-25,26,27-trihydroxy-2,3,10,11,18,19- 
hexahomo-3,11,19-trioxacalix[3]arene 1: Ethyl 3,5-bis(hydroxymethyl)- 
4-hydroxybenzoate (2.5g, 0.011mol) was reflux at 145-150°C for 24h in 
p-xylene(100mL) and removing the produced water time by time. The solvent 
removed under reduced pressure. The residue was extracted with CHCl3 and 
the solvent was again removed under reduced pressure and the residue 
dissolved in minimum amount of dichloromethane and methanol was added 
until the solution became cloudy. Cooling to 0°C for 12h precipitated as a 
white solid (435mg; yield 19%), mp. 225-226°C. 1H NMR (CDCl3)d:  1.37(m, 
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9H, -CH3), 4.34(q, 6H, -OCH2-), 4.75(s, 6H, ArCH2O-), 7.87(s, 6H, ArH) and 
9.19(s, 3H, ArOH). 
 
Synthesis of 7,15,23-Triehtylacetoxy-25,26,27-tris(N,N-diethylamino- 
carbonylmethoxy)-11,19-trioxacalix[3]arene (cone-2): To a solution of 
oxacalix[3]arene 1 (300mg, 0.48mmol), in dry THF(25mL) was added 
NaH(172mg) and NaI(719mg), stirred at room temperature for 1h. N,N-diethyl 
chloroacetomide(719mg, 4.8mmol) added to the mixing solution and reflux at 
60°C for 48h under argon. After reaction cool at room temperature and treated 
with ice, then acidify with 1N HCl. The solution extracted with ethylacetate 
(50mL´2), wash with water (50ml´2), brine (50ml). After drying with MgSO4, 
the solvent was removed under reduced pressure. The residue was 
recrystallized from methanol(yield 52%, 240mg): mp.190-191°C, 1H NMR 
(CDCl3)d: 1.19-1.26(m, 18H, NCH2CH3), 1.32-1.36(t, J=7.8Hz, 18H, 
OCH2CH3), 3.25(q, J=6.5Hz, 6H N-CH2),  3.47(q, J=6.5Hz, 6H, NCH2), 
4.27-4.35(m, 6H, -OCH2N), 4.78(s, 6H, ArOCH2), 4.81(d, J=4.8Hz, 
6H,ArCH2O), and 7.92(s, 6H, ArH).  
 
Synthesis of 7,15,23-Tri-hydroxycarbonyl-25,26,27-tris(N,N-diethylamino- 
carbonylmethoxy)-11,19-trioxacalix[3]arene triacid (cone-3): Oxacalix[3]- 
arene cone-2 (200mg, 0.20 mmol), added to a solution of 300mg 
NaOH(ethanol: water, 4:1, 25mL) and reflux at 50°C for 2h.  After being 
cooled to room temperature, the reaction mixture was wash with 20mL 
ethyacteate and then the aqueous layer was neutralized with 1N HCl aqueous 
solution and then extract with CH2Cl2(50mL´2), wash with water(50mL´2), 
brine(50mL). After drying with MgSO4, the solvent was removed under 
reduced pressure. The residue was recrystallized from CH2Cl2/hexane(yield 
52%, 240mg): mp 126-127°C, 1H NMR (CDCl3)d:  1.16-1.24(m, 18H, 
N-CH2CH3), 3.32(q, J=6.0Hz, 6H N-CH2), 3.43(q, J=6.0Hz, 6H N-CH2), 4.55(s, 
6H, -OCH2N), 4.70(d, J=13.8Hz, ArOCH2(eq)), 4.82(d, J=14.1Hz, ArOCH2(ax)), 
and 7.95(s, 6H, ArH). 
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Synthesis of 7,15,23--tris[(4-methylphenylaminocarbonyl)methoxy]- 25,26, 
27-tris-(N,N-diethylaminocarbonylmethoxy)-2,3,10,11,18,19-hexahomo-3,11, 
19-trioxacalix[3]arene  (cone-4a): To a solution of cone-3 (100 mg, 0.133 
mmol), p-toluidine (130 mg, 1.17 mmol) and 1-hydroxybenzotriazole (HOBt) 
(26mg, 0.17 mmol) in CH2Cl2 (12 ml) was added drop wise a solution of 
dicyclohexylcarbodiimide (DCC) (190 mg; 0.92mmol) in CH2Cl2 (5 mL) at 0°C. 
The reaction mixture was stirred for 15h at room temperature; it was 
condensed under reduced pressure. The residue was extracted with ethyl 
acetate (2 ´ 30 mL). The combined extracts were washed with 10% citric acid 
(2 ´20 mL), 5% sodium bicarbonate (20 mL), water (20 mL), saturated brine 
(20 mL), dried (Na2SO4) and condensed under reduce pressure. The residue 
was recrystallized from methanol gave cone-5a (83mg, 49%) as colorless 
prisms; m.p. 186-188°C; nmax (KBr)/cm-1 3298, 2959, 2863, 1689, 1604, 1532, 
1481, 1406, 1362, 1310, 1198, 1069, 881, 817, 753, 661, 506; 1H NMR 
(CDCl3)d:  1.12-1.23(m, 18H, N-CH3), 2.25 (9H, s, Ph-CH3), 3.31(q, 
J=7.14Hz, 6H, N-CH2), 3.38(q, J=7.14Hz, 6H, N-CH2), 4.55(d, J=12.6Hz, 
ArOCH2(eq)), 4.67(s, 6H, -OCH2N), 5.06(d, J=12.6Hz, ArOCH2(ax)), 7.03(d, 
J=8.25Hz, 6H, Ph-Ha), 7.25(d, J=11.9Hz, 6H, Ph-Hb), 7.27(s, 6H, ArH) and 
7.73 (3H, s, NH); MS m/z: 1147.53(M+). Anal. calcd. for C66H78O12N6: C, 
69.09; H, 6.85; N, 7.32. Found: C, 68.79; H, 7.00; N, 7.45 %. 
 
Synthesis of 7,15,23--tris[(4-flurophenylaminocarbonyl)methoxy]- 25,26,27- 
tris-(N,N-diethylaminocarbonylmethoxy)-2,3,10,11,18,19-hexahomo-3,11,19-t
rioxacalix[3]arene  (cone-4a): To a solution of cone-3 (100 mg, 0.133 mmol), 
4-fluroaniline(130 mg, 1.17 mmol) and 1-hydroxybenzotriazole (HOBt) (26mg, 
0.17 mmol) in CH2Cl2 (12mL) was added drop wise a solution of 
dicyclohexylcarbodiimide (DCC) (190 mg; 0.92mmol) in CH2Cl2 (5mL) at 0°C. 
After the mixture was stirred for 20h at room temperature, it was condensed 
under reduced pressure. The residue was extracted with ethyl acetate (30 
mL´2). The combined extracts were washed with 10% citric acid (20 mL´2), 
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5% sodium bicarbonate (20mL), water (20mL), saturated brine (20 mL), dried 
(MgSO4) and condensed under reduce pressure. The residue was 
recrystallized from methanol gave cone-5b (75mg, 45%) as colorless prisms; 
m.p. 237-238°C; nmax (KBr)/cm-1 3298, 2959, 2863, 1689, 1602, 1537, 1483, 
1445, 1363, 1311, 1198, 1068, 879, 754, 693, 503; 1H NMR (CDCl3)d:  
1.17-1.22(m, 18H, N-CH3), 3.29(q, J=7.14Hz, 6H, N-CH2), 3.40(q, J=7.14Hz, 
6H, N-CH2), 4.57(d, J=13.0Hz, ArOCH2(eq)), 4.67(s, 6H, -OCH2), 4.98(d, 
J=13.0Hz, ArOCH2(ax)), 6.88(t, J=8.82Hz, 6H, Ph-Ha), 7.33(t, J=6.9Hz, 6H, 
Ph-Hb), 7.35(s, 6H, ArH) and 8.07(3H, s, NH); MS m/z: 1159.45(M+). Anal. 
calcd. for C63H69O12N6F3: C, 65.27; H, 6.00; N, 7.25, Found: C, 65.55; H, 6.28; 
N, 7.28%. 
 
 
5.3.2. Determination of association constants  
 
The measurements were performed by 1H NMR titration experiments in 
a varying guest concentration of 0-10´10-3 M and a constant concentration of 
host receptors (3´10-3 M). As a probe the chemical shift of the amide protons 
(NH) signal was used. The association constant (Kass) for the cone-4 complexes 
were calculated by non-linear curve fitting analysis of the observed chemical 
shift of NH protons according to the literature procedure [16]. 
 
5.3.4. 1H NMR titration experiments  
 
To a CDCl3:CD3CN(10:1, v/v) solution (3 ´ 10-3 M) of cone-4 in the NMR 
tube was added a CDCl3:CD3CN(10:1, v/v) solution (0-10´10-3 M) of Bu4NX(Cl, 
Br) in the presence of LiClO4 and NaClO4. The spectrum was registered after 
addition and the temperature of NMR probe kept constant at 27°C. 
 
The 1H NMR data of the most representative complexes is given below: 
 
Shofiur Rahman                                                     Saga University, Japan 
 114
cone-4aÉLi+: dH (CDCl3-CD3CN, 10:1); 1.17-1.24(m, 18H, N-CH3), 2.26 (9H, s, 
Ph-CH3), 3.17(q, J=7.1Hz, N-CH2), 3.50(q, J=7.1Hz, 6H, N-CH2), 4.55(d, 
J=12.6Hz, ArOCH2(eq)), 4.69(s, 6H, -OCH2N), 4.80(d, J=12.6Hz, ArOCH2(ax)), 
6.89(d, J=8.25Hz, 6H, Ph-Ha), 7.36(d, J=11.9Hz, 6H, Ph-Hb), 7.61(s, 6H, ArH) 
and 8.74(3H, s, NH). 
 
Cl-Ì[cone-4aÉLi+]: dH (CDCl3-CD3CN, 10:1); 1.12-1.23(m, 18H, N-CH3), 2.25 
(9H, s, Ph-CH3), 3.31(q, J=7.1Hz, N-CH2), 3.38(q, J=7.1Hz, N-CH2), 4.55(d, 
J=12.6Hz, ArOCH2(eq)), 4.67(s, 6H, -OCH2N), 5.06(d, J=12.6Hz, ArOCH2(ax)), 
7.03(d, J=8.25Hz, 6H, Ph-Ha), 7.25(d, J=11.9Hz, 6H, Ph-Hb), 7.27(s, 6H, ArH) 
and 7.73 (3H, s, NH). 
 
Br-Ì[cone-4aÉLi+]: dH (CDCl3-CD3CN, 10:1); 1.12-1.23(m, 18H, N-CH3), 2.25 
(9H, s, Ph-CH3), 3.31(q, J=7.1Hz, N-CH2), 3.38(q, J=7.1Hz, N-CH2), 4.55(d, 
J=12.6Hz, ArOCH2(eq)), 4.67(s, 6H, -OCH2N), 5.06(d, J=12.6Hz, ArOCH2(ax)), 
7.03(d, J=8.25Hz, 6H, Ph-Ha), 7.25(d, J=11.9Hz, 6H, Ph-Hb), 7.27(s, 6H, ArH) 
and 7.73 (3H, s, NH). 
 
cone-4bÉLi+: dH (CDCl3-CD3CN, 10:1); 1.17-1.24(m, 18H, N-CH3), 3.20(q, 6H, 
N-CH2), 3.50(q, 6H, N-CH2), 4.60(d, ArOCH2(eq)), 4.41(s, 6H, -OCH2N), 4.80(d, 
ArOCH2(ax)), 6.77(t, 6H, Ph-Ha), 7.47(d, 6H, Ph-Hb), 7.62(s, 6H, ArH) and 8.85 
(3H, s, NH). 
  
cone-4bÉNa+: dH (CDCl3-CD3CN, 10:1); 1.17-1.24(m, 18H, N-CH3), 3.20(q, 6H, 
N-CH2), 3.50(q, 6H, N-CH2), 4.60(d, ArOCH2(eq)), 4.69(s, 6H, -OCH2N), 4.73(d, 
ArOCH2(ax)), 6.87(t, 6H, Ph-Ha), 7.59(d, 6H, Ph-Hb), 7.61(s, 6H, ArH) and 8.95 
(3H, s, NH). 
 
Cl-Ì[cone-4bÉLi+]: dH (CDCl3-CD3CN, 10:1); 1.17-1.24(m, 18H, N-CH3), 3.20(q, 
6H, N-CH2), 3.51(q, 6H, N-CH2), 4.64(d, ArOCH2(eq)), 4.70(s, 6H, -OCH2N), 
4.76(d, ArOCH2(ax)), 6.70(t, 6H, Ph-Ha), 7.51(d, 6H, Ph-Hb), 7.61(s, 6H, ArH) and 
Shofiur Rahman                                                     Saga University, Japan 
 115
9.29 (3H, s, NH). 
 
cone-4bÉCl-]: dH (CDCl3-CD3CN, 10:1); 1.17-1.24(m, 18H, N-CH3), 3.27(q, 6H, 
N-CH2), 3.40(q, 6H, N-CH2), 4.57(d, ArOCH2(eq)), 4.70(s, 6H, -OCH2N), 4.97(d, 
ArOCH2(ax)), 6.83(t, 6H, Ph-Ha), 7.44(d, 6H, Ph-Hb), 7.43(s, 6H, ArH) and 
8.75(3H, s, NH). 
 
Br-Ì[cone-4bÉLi+]: dH (CDCl3-CD3CN, 10:1); 1.17-1.23(m, 18H, N-CH3), 3.19(q, 
6H, N-CH2), 3.50(q, 6H, N-CH2), 4.64(d, ArOCH2(eq)), 4.69(s, 6H, -OCH2N), 
4.76(d, ArOCH2(ax)), 6.75(t, 6H, Ph-Ha), 7.58(d, 6H, Ph-Hb), 7.80(s, 6H, ArH) and 
9.75(3H, s, NH). 
 
cone-4bÉBr-]: dH (CDCl3-CD3CN, 10:1); 1.17-1.23(m, 18H, N-CH3), 3.19(q, 6H, 
N-CH2), 3.49(q, 6H, N-CH2), 4.67(d, ArOCH2(eq)), 4.70(s, 6H, -OCH2N), 4.75(d, 
ArOCH2(ax)), 6.75(t, 6H, Ph-Ha), 7.64(d, 6H, Ph-Hb), 7.75(s, 6H, ArH) and 
9.48(3H, s, NH). 
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Chapter 6  
 
Synthesis and anion recognition of 1,3-alternate- 
tetrathiacalix[4]arene derivatives having urea moiety  
 
6.1. Introduction 
 
Thiacalixarene 1 [1] a member of the calixarene family [2] is a sulfur 
containing macrocycle with many potential applications in supramolecular 
chemistry. Despite their unique conformational behavior and complexation 
properties [3] the use of thiacalixarenes for the construction of more 
sophisticated [4] supramolecular systems is still rather limited. Only very recently, 
as novel derivatization methods become available, have the first systems 
designed for the complexation of cations [5] or neutral molecules [6] been 
synthesized. Anion complexation has been recognized as an important part of 
supramolecular chemistry and calixarene-based receptors for anion recognition 
represent a well-established research topic [7]. 
 
The relatively strong hydrogen bonding of urea and thiourea groups has 
been used in the development of neutral receptors, because the hydrogen bond 
is directional in character, and correct orientation of the hydrogen bond donors 
can provide selective anion recognition. In general, thiourea derivatives show 
stronger anion binding ability than that of the corresponding ureas [8] because of 
the higher acidity of the former [9-10]. For example, Umezawa et al achieved 
strong complexation of the receptors with a rigid xanthene spacer toward the 
dihydrogenphosphate anion by using thiourea groups with acidity-enhancing 
substituents[11]. Anion recognition, complexation and transport were recognised 
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only rather recently as a very important part of supramolecular chemistry [12]. 
There are several different strategies used for anion complexation so far [13]. 
Basically, the receptors can be divided into two main groups: (i) charged systems 
exploring electrostatic interactions with positively charged species 
(polyammonium [14] and guanidinium[15] salts, quaternary ammonium salts); (ii) 
neutral systems[16] using other kind of interactions, such as donor–acceptor 
interactions (receptors based on the Lewis acids), hydrogen bonds, hydrophobic 
effects etc. Significant progress has been made, especially in the design and 
synthesis of neutral receptors based on the hydrogen bonding interactions. 
Among them, systems employing urea [17] and thiourea [18] moieties have been 
proven especially efficient in the design of anion receptors.  
 
There is much evidence that ureido functions appended to calixarene 
can form a suitably pre-organized cavity (depending on the calixarene 
conformation used) with pronounced anion recognition capability. LhotáK [19] 
and others [20] have reported the cone and the 1,3-alternate calixarenes bearing 
urea or thiourea functions on the upper/lower rim that can bind anions such as 
halogenides and carboxylates. In this chapter described the synthesis of 
1,3-alternate- thiacalix[4]arene derivatives bearing two ureido or two thioureido 
groups on the lower rim, which can serve as anion receptors. The binding study 
was conducted with proton NMR titration with the various anions such as Cl-, Br- 
and PhCOO-. 
 
6.2. Results and Discussion 
 
The synthesis of derivatives 1,3-alternate-4 is depicted in Scheme 1. For 
the synthesis of the bidentate 1,3-alternate phenylurea(thiourea) calix[4]arenes, 
the 1,3-alternate-3 was obtained by the reduction of the 1,3-alternate-2a and 
1,3-alternate-2b. The 1,3-alternate-2a and 1,3-alternate-2b were prepared 
selectively alkylation of distal-2 with benzyl bromide and 2-chlormethylpyridine in 
the presence of Na2CO3 reflux in acetone respectively. Selective O-alkylation of 
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the parent thiacalixa[4]arene 1, with 2-bromoacetamide in refluxing acetone 
using Na2CO3 afforded into distal-1(58%). Amide distal-1 again selective 
alkylation with benzylbromide and 2-chloromethylpyridine in the presence of 
Na2CO3 reflux in acetone to yield the 1,3-alternate 2a(53%) and 
1,3-alternate-2b(49%)respectively. The 1,3-alternate-3a 1,3-alternate-3b were 
prepared by the reduction of 1,3-alternate-2a and 1,3-alternate-2b by refluxing 
with BH3.THF solution. Treatment of 1,3-alternate-3a and 1,3-alternate-3b with 
phenylisocyanate produced the urea derivative of 1,3-alternate-4a, and 
1,3-alternate-4c as shown in (Scheme 1). Thiourea derivative 1,3-alternate-4b, 
and 1,3-alternate-4d was prepared similarly by treating  of phenylisothio- 
cyanate with 1,3-alternate-3a and 1,3-alternate-3b, respectively.  
 
(i) S S S
SO OHOH
O
NH2
H2N
(ii)
(iii)
(iv)
O
SS
OO
O
S S
NH2 H2N
R R
O O
O
SS
OO
O
S S
NH2 H2N
R R
O
SS
OO
O
S S
NH
NH
HN
HN
Y Y
R R
O
O
distal-2
1,3-alternate-4 1,3-alternate-3
4a; Y=O, 4b; Y=S, R=CH2Ph
4a; Y=O, 4b; Y=S, R=CH2Pyridine
S S S
SOH OHOHHO
1
1,3-alternate-2
Scheme 1
 
Reagents and conditions: (i) BrCH2CONH2, Na2CO3, acetone, reflux for 36h; (ii) 
Benzylbromide(2a) or chloromethylpyridine(2b), Cs2CO3, dry acetone reflux 48h. 
(iii) BH3.THF reflux 24h; (iv) phenylisocyanate(4a or 4c) or phenyl isothiacyanate 
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(4b or 4d), dry CH2Cl2 stirred 48h at room temp. 
 
6.2.1. Structure assignments and NMR complex study 
 
The structures of novel ureido/thioureido calixarenes were proved using 
the combination of 1H NMR spectroscopy and mass spectroscopy (ESI-MS or 
FAB MS). The ORTEP drawing of 1,3-alternate-4b analyzed by single crystal 
X-ray is shown in Figure 1. In the solid state, it is clear that compound 
1,3-alternate-4b adopts a "1,3-alternate conformation" and the orientations of 
the thionyl sulfur of the thiourea are outwardly orientated with respect to the 
cavity because of the electron repulsion between sulfurs.  
Nitrogen
Sulphur
O
SS
OO
O
S S
NH
NH
HN
HN
S S
 
Figure 1. Ball and stick drawing of 1,3-alternate-4b. 
 
As the 1H NMR spectra are almost uninfluenced by the change of solvent 
polarity CDCl3, CDCl3–CD3CN=10:1, DMSO–d6) conclude that the possible 
intra-/intermolecular hydrogen bonds are very week or absence under the 
measuring conditions. The anion coordination properties were investigates by 
the 1H NMR titration in CDCl3–CD3CN=10:1(v/v) mixture in the presence of 
various anions such as tetrabutylammonium(TBA) chloride, bromide, acetate 
and benzoate. All titration experiments were performed with constant 
concentration of receptor (approx. 2´10-4 M) and increasing concentration of 
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anion solution of the host in CDCl3 CD3CN(10:1) was prepared. To this host 
solution 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9 equivalents of the tetrabutylammonium salts 
were added in the NMR tube and the spectra were recorded.  Figure 1a and 
Figure 1b shows the partial 1H NMR spectra of urea derivatives of 
1,3-alternate-4a and 1,3-alternate-4c with  tetrabutylammonium chloride. The 
NH protons signal dramatically shifted down filed. 
free Host
D
D
D
D
D
NH
D
D
NH
D
D
D
1 eqv.
2 eqv.
3 eqv.
4 eqv.
Figure 1a. Partial 1H NMR spectra changes of 1,3-alternate-4a with tetrabutyl 
ammonium chloride(1-4 eqv.) in CDCl3:CD3CN(10:1,v/v). 
 
free Host
1eqv.
2 eqv.
4 eqv.
3eqv. D
D
D
D
D
DD NH
D
D
NH
D
Figure 1b. Partial 1H NMR spectra changes of 1,3-alternate-4b with tetrabutyl 
ammonium chloride(1-4 eqv.) in CDCl3:CD3CN(10:1,v/v). 
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Thiourea derivatives 1,3-alternate-4b and 1,3-alternate-4d have a strong affinity 
towards benzoate and chloride than its urea analogue 1,3-alternate-4a and 
1,3-alternate-4c(Table 1). In proton NMR experiments a large down field shift of 
two singlet NH(a) and NH(b) protons resonance at d 11.14ppm and 9.75ppm, 
respectively were observed upon addition of tetrabutylammonium benzoate to 
host 1,3-alternate-4b(thiourea) as shown in Figure 2a. Similar down field also 
shifted of another host molecules with anions. For, example the addition of 
tetrabutylammonium chloride with host 1,3-alternate-4d(thiourea) solution down 
field shift of two singlet NH(a) and NH(b) protons resonance at d 11.25ppm and 
9.87ppm as shown in Figure 2b.  
 
 
Figure 2a. Curve of 1H NMR titration of 1,3-alternate-4b with tetrabutyl 
ammonium salts(chloride, bromide and benzoate) in CDCl3:CD3CN(10:1,v/v). 
 
All titration experiments were performed with constant concentration of receptor 
(approx. 2´10-3 M) and an increasing concentration of anion added. To confirm 
the stoichiometry of anion complexation, Job plots were constructed from 1H 
NMR titration data. In all cases studied, the formation of the 1:1 complexes was 
clearly substantiated.  
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Figure 2b. Curve of 1H NMR titration of 1,3-alternate-4d with tetrabutyl 
ammonium salts(chloride, bromide and benzoate) in CDCl3:CD3CN(10:1,v/v). 
 
Anion   1,3-alternate-4a   1,3-alternate-4b  1,3-alternate-4c   1,3-alternate-4b
   PhCOO-     3585?280        7855?420             3925?310     7955?435    
   Cl-             2875?230        6460?370             3250?280     6750?395     
   Br-            1850?160         3555?270             2080?190    3575?285 
    I-                250?40            548?120                360?65       623?145
Ka M
-1
Table 1. Association constantsa(Ka, M
-1) of hosts 1,3-alternate-4a; 1,3-alternate-4b; 
1,3-alternate-4c and 1,3-alternate-4d with guest anionsb.
 
aMeasured in CDCl3 at 27°C by the 1H NMR titration method of the 
chemical shift change of the NH proton, host concentration was 4´10-3M. 
bAnions were used as their tetrabutylammonium salts. 
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6.3. Experimental section 
 
Materials 
 
5,11,17,23-Tetra-tert-butyl-2,8,14,20-tetrathiacalix[4]arene-25,26,27,28-tetraol 1 
was prepared from p-tert-butylphenol according to the reported procedure [14]. 
 
6.3.1. Synthesis 
 
Synthesis of  5,11,17,23-Tetra-tert-butyl,25,27-bis(carbamoylmethoxy)- 
26,28-dihydroxy-2 8,14,20-tetrathiacalix[4]arene (distal-1): A mixture of 1 (1.0 
g, 1.38 mmol) and Na2CO3 (0.22g, 1.5 mmol) in acetone (20 mL) was heated 
at reflux for 1h. Then added 2-bromoacetamide (383 mg, 2.77 mmol) and the 
mixture was reflux additional 48 h under nitrogen. After cooling the reaction 
mixture to room temperature, it was filtrated and concentrated. The residue 
was acidify by 2 M HCl extraction with CH2Cl2 (50 mL ´ 2), wash with water 
(50mL) and brine (50mL) After washing the organic layer was dried over 
magnesium sulfate and evaporated to dryness to obtain a crude 
product(675mg, 58%) as a white solid. Recrystallization from CHCl3-MeOH 
afforded distal-1 as white solid. M.p 148-151 °C. 1.09 (s, 18H, t-Bu), 1.27 (s, 
18H, t-Bu), 4.69 (s, OCH2CO, 4H), 5.92 (broad s, 2H, NH), 7.48 (s, 4H, Ar-H), 
7.67 (s, 4H, Ar-H), 8.42 (s, 2H, OH), 8.52 (s, 2H, NH). MS m/z: 834.29 (M+). 
Anal. Calcd. for C44H54N2O6S4 (835.17): C, 63.28; H, 6.52; N, 3.35. Found C, 
63.02; H, 6.49, N, 3.33 %. 
 
Synthesis of 5,11,17,23-Tetra-tert-butyl,25,27-di[(benzyl)methoxy]-26,28-bis- 
(carbamoyl methoxy)-2,8,14,20-tetrathiacalix[4]arene (1,3-alternate-2a): To a 
solution of distal-2 (500 mg, 0.59 mmol), Cs2CO3 (1.95 g, 5.9 mmol) in dry 
acetone (30 mL) was added benzyl bromide (1.0 g 5.9 mmol) and the reaction 
mixture was refluxed for 24 h under argon. After cooling the reaction mixture 
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to room temperature, it was filtrated and concentrated. The residue was 
acidify by 2 M HCl extraction with CH2Cl2 (50 mL ´ 2), wash with water (50mL) 
and brine (50mL) After washing the organic layer was dried over magnesium 
sulfate and evaporated to dryness to obtain a crude product(270mg, 53%) as 
a white solid. Recrystallization from CHCl3-MeOH to give 1,3-alternate-2a 
(720 mg, 64 %) as a white solid. M.p. 238-240°C. 1H NMR d (CDCl3) 0.83 (s, 
18H, t-Bu), 1.27 (s, 18H, tBu), 4.50 (s, 4H, OCH2), 4.99 (broad s, 2H, NH), 
5.10 (s, 4H, OCH2), 5.44 (broad s, 2H, NH) 6.92-7.06 (m, 10H, Ph), 7.11 (s, 
4H, Ar-H), 7.41 (s, 4H, Ar-H). MS m/z: 1015.40 (M+). Anal. Calcd. for 
C58H66N2O6S4 (1015.40): C, 68.60; H, 6.55; N 2.76. Found: C, 68.33; H, 6.49; 
N, 2.75 %. 
 
Synthesis of 5,11,17,23-Tetra-tert-butyl,25,27-di[(benzyl)methoxy]-26,28-bis- 
(2-amino ethyloxy)-2,8,14,20-tetrathiacalix[4]arene (1,3-alternate-3a): To a 
solution of BH3/THF(15 mL) was added to 1,3-alternate-2a (200 mg, 0.19 
mmol) and the reaction mixture was stirred for 1 h at ambient temperature, 
then reflux for 24h under argon. The mixture was allowed to cool in an ice 
bath, and carefully quenched by the slow addition of water (30mL). The 
solvent was evaporated under reduced pressure, and the residue was 
extracted with dichloromethane ((2´50mL), wash with water (2´50mL) and 
brine(50ML). The solvent was removed under reduced pressure to give 
1,3-alternate-3a (135 mg, 70%) as a white solid. Recrystallization from 
CHCl3–MeOH afforded as colorless prisms, m.p. 191-194 °C. 1H NMR d 
(CDCl3) 0.79 (s, 18H, tBu), 1.28 (s, 18H, tBu), 3.49 (t, 4H, OCH2CH2), 3.63 (t, 
4H, OCH2CH2), 4.98 (s, 4H, OCH2), 6.78 (d, J= 5 Hz 5H, Ph), 7.03 (s, 4H, 
Ar-H), 7.07 (d, J= 5 Hz 5H, Ph), 7.35 (s, 4H, Ar-H). MS m/z: 987.40 (M+). Anal. 
Calc. For C58H70N2O4S4 (987.45): C, 70.55; H, 7.15; N, 2.84. Found: C, 70.76; 
H, 7.17; N, 2.85 %. 
 
Syntheis of 5,11,17,23-Tetra-tert-butyl,25,27-di[(benzyl)methoxy]-26,28-bis- 
[(N’-phenyl ureido) ethyl]oxy-2,8,14,20-tetrathiacalix[4]arene (1,3-alternate- 
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4a): To a 1,3-alternate-3a  (100 mg, 0.10 mmol) in 15 mL of CH2Cl2, 0.20 mL 
of phenyl-isocyanate was added and the mixture was stirred for overnight 
under argon. The solvent was removed under reduced pressure and the 
residue triturated with MeOH to give 1,3-alternate-4a (62 mg, 50%) as a white 
solid. ) as a white solid. Recrystallization from CHCl3–MeOH afforded as 
colorless prisms, M.p. 233-235 °C. 1H NMR d (CDCl3) 0.84(s, 18H, t-Bu), 
1.20(s, 18H, t-Bu), 3.07(t, J=6.0Hz, 4H, OCH2CH2NH), 4.03(t, J=6.0Hz, 4H, 
OCH2CH2NH), 5.05(s, 4H, OCH2Ph, 5.48(s, 2NH, CH2NH), 6.90-6.99(m, 10H, 
PhH), 7.10(s, 4H, ArH),  7.16(s, 2H, PhNH), 7.19-7.21(m, 10H, PhH), and 
7.41(s, 2H, ArH). MS m/z: 1224.50 (M+). Anal. Calc. for C72H80N4O6S4 
(1225.67) C, 70.55; H, 6.58; N, 4.57. Found: C, 70.52; H, 6.57; N, 4.58 %.  
 
Synthesis of 5,11,17,23-Tetra-tert-butyl,25,27-di[(benzyl)methoxy]-26,28-bis- 
[(N’-phenyl thioureido) ethyl]oxy-2,8,14,20-tetrathiacalix[4]arene (1,3- 
alternate-4b): To a 1,3-alternate-3a (100 mg, 0.10 mmol) in 15 mL of CH2Cl2, 
0.20 mL of phenyl-isothiacyanate was added and the mixture was stirred for 
overnight under argon. The solvent was removed under reduced pressure 
and the residue triturated with MeOH to give 1,3-alternate-4b (82 mg, 65%) as 
a white solid. Recrystallization from CHCl3–MeOH afforded as colorless 
prisms, m.p. 222-224°C. 1H NMR d (CDCl3) 0.83(s, 18H, t-Bu), 1.25(s, 18H, 
t-Bu), 3.77(t, J=5.4Hz, 4H, OCH2CH2NH), 4.27(t, J=5.4Hz, 4H, OCH2CH2NH), 
4.91(s, 4H, OCH2Ph), 7.07(s, 4H, ArH), 7.14-7.17(m, 10H, PhH), 7.20-7.22(m, 
10H, PhH), 7.34(s, 2NH, CH2NH), 7.37(s, 4H, ArH) and 7.55(s, 2H, PhNH). 
MS m/z: 1257.46 (M+). Anal. Calc. for C72H80N4O4S6 (1257.83) C, 68.75; H, 
6.41; N, 4.45. Found: C, 68.85; H, 6.36; N, 4.44 %. 
 
Synthesis of 5,11,17,23-Tetra-tert-butyl,5,27-bis(carbamoylmethoxy)-26,28- 
bis-[(pyridylmethyl)oxy]-2,8,14,20-tetrathiacalix[4]arene(1,3-alternate-2b): To 
a solution of distal-1 (500 mg, 0.59 mmol), Cs2CO3 (1.95 g, 5.9 mmol) in dry 
acetone (30 mL) was added 2-(chloromethyl) pyridine (1451 mg 5.9 mmol) 
and the reaction mixture was refluxed for 48 h under argon. After cooling the 
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reaction mixture to room temperature, it was filtrated and concentrated. The 
residue was acidify by 2 M HCl extraction with CH2Cl2 (2´50mL), wash with 
water (50mL) and brine (50mL) After washing the organic layer was dried over 
magnesium sulfate and evaporated to dryness to obtain a 
1,3-alternate-2b(250mg, 49%) as a white solid. Recrystallization from 
CHCl3-MeOH to give 1,3-alternate-2b as a colorless solid. M.p. 195-197 °C 1H 
NMR d (CDCl3) 0.83 (s, 18H, t-Bu), 1.28 (s, 18H, t-Bu), 4.48 (s, 4H, OCH2), 
5.08 (broad s, 2H, NH), 5.20 (s, 4H,OCH2), 5.52 (broad s, 2H, NH), 6.57 (d, 
2H, Py-H5), 7.09 (s, 4H, Ar-H), 7.13(m, J= 5 Hz 2H, Py-H4), 7.36 (d, J= 5 Hz 
2H, Py-H3), 7.40 (s, 4H, Ar-H), 8.51 (d, 2H J= 5 Hz, PyH). Anal. Calcd. for 
C56H64N4O6S4 (1017.39): C, 66.11; H, 6.34; N, 5.51%.  
 
Synthesis of 5,11,17,23-Tetra-tert-butyl,25,27-di[(pyridyl)methoxy]-26,28-bis- 
(2-aminoethyloxy)-2,8,14,20- tetrathiacalix[4]arene (1,3-alternate-3b): To a 
solution of BH3/THF(15 mL) was added to 1,3-alternate-2a (200 mg, 0.19 
mmol) and the reaction mixture was stirred for 1 h at ambient temperature, 
then reflux for 24h under argon. The mixture was allowed to cool in an ice 
bath, and carefully quenched by the slow addition of water (30mL). The 
solvent was evaporated under reduced pressure, and the residue was 
extracted with dichloromethane ((2´50mL), wash with water (2´50mL) and 
brine(50mL). The solvent was removed under reduced pressure to give 
1,3-alternate-3a (126 mg, 65%) as a white solid. Recrystallization from 
CHCl3-MeOH to give 1,3-alternate-3b as a colorless prisms, m.p. 180-182 °C. 
1H NMR d (CDCl3) 0.82(s, 18H, t-Bu), 1.21(s, 18H, t-Bu), 2.97(t, J=6.0Hz, 4H, 
OCH2CH2NH), 3.96(t, J=6.0Hz, 4H, OCH2CH2NH), 5.16(s, 4H, OCH2Ph), 
5.31(s, 2NH, CH2NH), 6.92(d, J=9.0Hz, Py-H5), 7.19(s, 4H, ArH), 7.33(d, 
J=9.0Hz, Py-H4), 7.42(s, 4H, ArH), 7.51-7.55(m, 2H, Py-H3), and 8.61(d, 2H, 
Py-H6). MS m/z: 989.40 (M+). Anal. Calc. For C56H68N4O4S4 (989.43): C, 
67.89; H, 6.93; N, 5.66. Found: C, 67.45; H, 6.50; N, 5.45 %. 
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Synthesis of 5,11,17,23-Tetra-tert-butyl,25,27-di[(pyridyl)methoxy]-26,28-bis- 
[(N’-phenyl ureido) ethyl] oxy-2,8,14,20-tetrathiacalix[4]arene (1,3-alternate- 
4c): To a 1,3-alternate-3b (100 mg, 0.10 mmol) in 15 mL of CH2Cl2, 0.2 mL of 
phenylisocyanate was added and the mixture was stirred for overnight under 
argon. The solvent was removed under reduced pressure and the residue 
triturated with MeOH to give 1,3-alternate-4c (55 mg, 44%) as a white solid. 
Recrystallization from CHCl3–MeOH afforded as colorless prisms, m.p. 
178-180°C. 1H NMR d (CDCl3) 0.82(s, 18H, t-Bu), 1.21(s, 18H, t-Bu), 2.97(t, 
J=6.0Hz, 4H, OCH2CH2NH), 3.96(t, J=6.0Hz, 4H, OCH2CH2NH), 5.16(s, 4H, 
OCH2Ph), 5.31(s, 2NH, CH2NH), 6.57(d, J=9.0Hz, Py-H5), 6.99-7.02(d, 
J=9.0Hz, Py-H4), 7.05(s, 4H, ArH), 7.13-7.20(m, 10H, PhH), 7.34(s, 2NH, 
PhNH), 7.38(s, 4H, ArH), 7.43(m, J=6.0Hz, 2H, Py-H3), and 8.48(d, J=6.5Hz, 
2H, Py-H6). MS m/z: 1227.54(M+). Anal. Calc. for C70H78N6O4S4 (1227.67) C, 
68.48; H, 6.40; N, 6.85. Found: C, 68.75; H, 6.14; N, 6.92%. 
 
Synthesis of 5,11,17,23-Tetra-tert-butyl,25,27-di[(pyridyl)methoxy]- 
26,28-bis-[(N’-phenyl thioureido) ethyl]oxy-2,8,14,20-tetrathiacalix[4]arene 
(1,3-alternate-4d): To a 1,3-alternate-3b (100 mg, 0.10 mmol) in 15 mL of 
CH2Cl2, 0.2 mL of phenylisocyanate was added and the mixture was stirred 
for overnight under argon. The solvent was removed under reduced pressure 
and the residue triturated with MeOH to give 1,3-alternate-4d (55 mg, 44%) as 
a white solid. Recrystallization from CHCl3–MeOH afforded as prisms, m.p. 
223-224°C. 1H NMR d (CDCl3) 0.82(s, 18H, t-Bu), 1.27(s, 18H, t-Bu), 3.55(t, 
J=6.0Hz, 4H, OCH2CH2NH), 3.96(t, J=6.0Hz, 4H, OCH2CH2NH), 5.10(s, 4H, 
OCH2Py), 6.66(d, J=7.8Hz, Py-H5), 6.86(t, J=5.7Hz, Py-H4), 7.02(s, 4H, ArH), 
7.13-7.20(m, 10H, PhH), 7.44(s, 2H, ArH), 7.70(s, 2H, NH), 8.51(d, J=4.5Hz, 
Py-H6). MS m/z: 1259.46(M+). Anal. Calc. for C70H78N6O4S6 (1259.80) C, 
66.74; H, 6.24; N, 6.67. Found: C, 666.69; H, 6.32; N, 6.76%.  
 
 
6.3.2. Determination of association constants  
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The complexation ability of derivatives 1,3-alternate-5a-b toward 
selected anions of spherical(Cl-, Br-, I-), Y-shaped(PhCOO-) was measured by 
standard 1H NMR titration experiments(CDCl3/CD3CN=1:1 v/v using constant 
1,3-alternate- 5a-b concentration 2´10-3 M increasing concentrations of the 
appropriate anion to obtain different host/guest ration( 0, 1, 2, 3, 4, 5, 6, 7, 8 and 
9). All anions were used in form of tetrabutylammonium salts to avoid possible 
complexation of cation species by the thiacalixarene cavity. The chemical shifts 
of the NH(a) and NH(b) protons was followed and plotted against the equivalents 
of the guest added. 1H NMR spectra and titration were recorded on a 300 MHz 
spectrometer. The association constant(Kass) were calculated by non-linear 
curve fitting analysis of the observed chemical shift changes of NH protons 
according to the literature procedure [21]. 
 
6.3.3. 1H NMR complexation experiments  
 
To a CDCl3:CD3CN(10:1, v/v) solution (2 ´  10-3 M) of host 1,3-alternate-4 
in the NMR tube was added a CDCl3:CD3CN(10:1, v/v) solution (0-10 ´ 10-3 M) 
of Bu4NX(Cl, Br, PhCOO-). The spectrum was registered after addition and the 
temperature of NMR probe kept constant at 27°C. 
 
6.3.4. X-ray Crystallographic analysis of 1,3-alternate-4b:  
 
Crystal data for cone-4b: C72H80N4O4S6 =1257.83. Crystals were 
grown up by slow evaporation of a solution of 1,3-alternate-4b in CH3OH and 
chloroform at room temperature. Data were processed using the 
CrysAlis-CCD and -RED [22] programs.  The structure was determined by 
the direct methods routines in the SHELXS program and refined by 
full-matrix least-squares methods, on F2's, in SHELXL [23].  One t-butyl 
group was disordered in two orientations.  Except for the minor component 
C-atoms in the disordered group, the non-hydrogen atoms were refined with 
anisotropic thermal parameters. Scattering factors for neutral atoms were 
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taken from reference [24]. Computer programs used in this analysis have 
been noted above, and were run through WinGX [25] on a Dell Precision 370 
PC at the University of East Anglia. Crystallographic data (excluding 
structure factors) for the structures in this paper have been deposited with 
the Cambridge Crystallographic Data Centre as supplementary publication 
numbers CCDC 245504.  
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Chapter 7  
 
Synthesis and inclusion properties of a novel heteroditopic thiacalix[4]arene 
receptors having ester, imidazolyl and bipyridyl moiety  
 
 
7.1. Introduction 
  
In the field of supramolecular chemistry, calixarenes have considerable 
interest as useful building block for the synthesis of hosts for cations, anions and 
neutral molecules. During the last two decades, they have attracted much 
attention as receptors in supramolecular chemistry. The increasing interest in 
these compounds is stimulated by simple large-scale synthesis of calixarenes [1] 
and more recently thiacalixarenes [2] have been widely used in molecular 
recognition due to their unique three-dimensional structure with almost unlimited 
derivatisation abilities. Molecular recognition is a fundamental phenomenon in 
biology, and tuning of the affinity of a receptor for a ligand by the environment is 
key for the regulation of biological processes. This has inspired many chemists 
to design artificial receptors. The design and synthesis of artificial systems for 
regulation of ion recognition utilizing external information at the molecular level, 
i.e., metal ion, electron, organic molecule, have attracted much attention [3]. The 
method of controlling the molecular functions by an external effector is important 
for constructing intelligent and responding molecules. All or-none regulation of 
guest recognition, however, seems to be very difficult even by using this strategy 
because guest binding via an induced-fit mechanism is only minimally inhibited. 
Cooperative regulation of host–guest interactions plays a critical role to maintain 
homeostasis in metabolism, substrate transport, etc., because amounts of 
biologically important substrates in the body must be well controlled by various 
external stimuli [4]. Although these hosts exhibit effective positive and negative 
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allosteric effects on guest recognition, most of them respond to only one effector. 
Nabeshima et al reported a novel calix[4]arene derivative bearing two 
2,2¢-bipyridine moieties and two ester groups at the lower rim in cone 
conformation to construct sophisticated molecular devices and systems [5]. 
Bipyridyl containing calixarenes have been extensively used to complex various 
metal ions [6]. Di- or polytopic receptors are those constructed with two or more 
binding subunits within the same macrocyclic structure [3]. It is well known that 
these kinds of systems are suitable candidates for the allosteric regulation 
[6(a-d)] of host-guest interactions with metal cations which play a major role in 
biological systems. On the other hand, Papparlardo et al [7] reported the 
synthesis of calix[4]arenes bearing pendant pyridine groups at the lower rim as 
potential ligands for transition metals.  
 
Reinaud et al developed the first supramolecular system that mimics 
metalloenzyme active sites by the selective binding of a neutral molecule to a 
metal center incorporated inside a tert-butylcalix[6]arene functionalized in 
alternating positions by three imidazole groups [8]. Indeed, the calixarene cavity 
acts as a selective funnel for small molecules that interact with the metal center. 
The tris-imidazolyl derivatives are the most biomimetic ligands of the family, 
capable of reproducing some remarkable properties observed in Zn and Cu 
enzymes. Copper proteins are of major importance in a number of biological 
processes. In an attempt to study these aspects through a synthetic model, they 
have designed a system that reproduces not only the nitrogenous-rich binding 
site of the enzymes, but also the hydrophobic enzymatic pocket that binds the 
guest. The ligand is formed by a calix[6]arene functionalized with three 
coordinating arms. This flexible molecule wraps itself around the copper center, 
leaving a free binding site protected by a funnel. Appropriately substituted 
imidazolium salts find applications as ionic liquids which are novel tailor-made 
and ‘‘green’’ solvents for organic transformations [9].  
 
 The development of fast estimation, removal and separation techniques 
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for Ag+, the use of Ag+ complexes in photographic materials and their potential 
use in cancer radio immunotherapy have drawn the attention of supramolecular 
chemists towards Ag+ selective receptors. Recently, we reported [(2-pyridyl 
methyl)oxy]tetrathiacalix[4]arene which show strong Ag+ affinity [10].  
 
7.2. Results and discussion 
 
It is well known the preferential formation of 1,3-alternate conformer in 
the presence of cesium cation due to that it is suitable for the thiacalix[4]arene 
cavity and contributes significantly to the cation-p interaction.  Compounds 
1,3-alternate-2a, and 1,3-alternate-2b were obtained in 56% and 55% yield, 
respectively, by the stereoselective O-alkylation of the diester 1a [11] with 
5-bromomethyl-5¢-methyl- 2,2¢-bipyridinyl and 2-(chloromethyl)imidazolyl in the 
presence of Cs2CO3 in dry acetone(Scheme 1). Similarly, compounds 
1,3-alternate-2c and 1,3-alternate-2d was obtained in 68% and 52% yield, 
respectively, by the stereoselective O-alkylation of the distal-1b[10(d)] with 
5-bromomethyl-5¢-methyl-2,2¢-bipyridinyl and 2-(chloromethyl)imidazolyl in the 
presence of Cs2CO3 in dry acetone(Scheme 2). 
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Reagents and conditions: (i) BrCH2COCH2COOCH2CH3, Na2CO3, acetone, 
reflux for 24h; (ii) 5`-methyl-5-bromomethyl-2,2`-bipyridine(2a), or chloromethyl- 
imidazole(2b), Cs2CO3, dry acetone reflux 48h. 
Shofiur Rahman                                                     Saga University, Japan 
 140 
(i) S S S
SO OHOH O
(ii)
distal-1b
S S S
SOH OHOHHO
1
N
N
CH3OH2C
OH2C
N
N
H3C
2c; R=
2d; R=
O O
Binding
 Site 1?
O
SS
OO
O
S S
R R
1,3-alternate-2
Scheme 2
 
Reagents and conditions: (i) BrCH2Ph, Na2CO3, acetone, reflux for 24h; (ii) 
5`-methyl-5-bromomethyl-2,2`-bipyridine(2c), or chloromethylimidazole(2d), 
Cs2CO3, dry acetone reflux 48h. 
 
 Novel receptors 2a and 2b with 1,3-alternate conformation, having two 
different sidearm’s and showing affinity not only toward alkali metal cations but 
also toward soft heavy metal cations as well as the study of their complexation 
behavior towards Na+ and Ag+ ions. Multi-recognition of Na+, K+ and Ag+ by 2a 
and 2b, owing to the presence of two ester [8] moieties at one edge of the 
thiacalix[4]arene cavity and two 2-bipyridine or imidazole moieties at the other 
edge, is expected. The binding affinity of 1,3-alternate-2a-d to alkali metal 
cations was evaluated by 1H NMR. NaClO4 and CF3SO3K did not cause 
detactable spectral changes of 2b and 2d due to lack of ester groups. On the 
other hands, 1 equivalent of NaClO4 resulted in new signals of 2a and 2c 
ascribed formation of the Na+ complex. Similarly, 1 equivalent of CF3SO3K 
resulted in new signals of 2a and 2c ascribed formation of the Na+ complex. 
Interestingly, an additional 1 equivalent of AgClO4 caused disappearance of the 
signals of 1,3-alternate-2a?NaClO4 and appearance of new signals assigned to 
1,3-alternate-2a?AgClO4 suggest that decomplex of 1,3-alternate-2a?NaClO4. 
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Similar an additional 1 equivalent of AgClO4 caused disappearance of the 
signals of CF3SO3K?1,3-alternate-2a and appearance of new signals assigned 
to 1,3-alternate-2a?AgClO4. These results strongly proposed negative allosteric 
effect of heteroditopic recptor 1,3-alternate-2 and we propose as shown in 
Figure 1.  
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Figure 1. Proposed negative allosteric effect of heteroditopic recptor 2a. 
 Nabesima et al introduced a novel calix[4]arene[5] derivative bearing 
two 2,2¢-bipyridine moieties and two ester groups in cone conformation. In these 
case complexation of the host with a transition metal possessing moderate 
affinity but restricts complexation with an alkali metal possessing weak affinity to 
the ester moieties by closing the gate. The host molecules 2a and 2b shows 
complexation with Ag+ and Na+ ions separately. Similar results we also find out 
in the case of novel 1,3-alternate thiaclix[4]arene derivative bearing two ester 
groups and two pyridine moieties[10(b)]. The host molecules 2c and 2d shows 
complexation with Ag+ due to one binding site bipyridine or imidazole moieties 
present only one side and another side phenyl moieties present which is inactive 
for recognition cations.  
  
The structure of 2a, 2b, 2c and 2d was assigned by 1H NMR 
spectroscopy. The 1H NMR spectrum of 1,3-alternate-2a shows two singlets for 
the tert-butyl protons at d 0.79 ppm and 1.28 ppm, in which the former peak can 
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be observed at a higher field due to the ring current effect arising from the two 
bipyridine rings introduced. Compound 1,3-alternate-2b shows two singlets for 
the tert-butyl protons at d 1.09 ppm and 1.25 ppm. The 1H NMR spectrum of 
1,3-alternate-2c shows two singlets for the tert-butyl protons at d 0.78 ppm and 
0.86 ppm. Similar signal patterns are observed in the 1H NMR spectrum of 
1,3-alternate-2d shows two singlets for the tert-butyl protons at d 0.82 ppm and 
1.15 ppm. On the basis of the 1H-NMR studies assume that the structures of 2a, 
2b, 2c and 2d, adopt a "1,3-alternate conformation". 
 
 
7.2.1. Complexation studies  
 
Due to the existence of the two potential metal binding sites namely the 
two ester moieties and two bipyridyl or imidazoyl moieties, the formation of 1:1 
and 1:2 metal complexes attributable to the electrostatic interactions can be 
expected. The stoichiometry of the 1,3-alternate-2 complexes with Na+, K+ and 
Ag+ was determined by a two phase-extraction experiment (H2O/CH2Cl2), using 
the continuous variation method [12]. The percent extractions for Ag+ reach 
maximum 0.5 mol fraction when the 1,3-alternate 2 and Ag+ were changed 
systematically, indicating the formation of 1:1 complex(Figure 2a). Similar results 
were obtained in the case of K+ and Na+(Figure 2b). 
 
 
Figure 2a. Job plots of the extraction of Ag+ with host 1,3-alternate -2a 
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Figure 2b. Job plots of the extraction of Na+ with host 1,3-alternate-2a 
 
 
7.2.2. 1H NMR titration studies 
  
1H NMR titration experiments with NaClO4, CF3SO3K and AgClO4 were 
carried out. The chemical shifts(Dd) changes are summarized in Fingure 3. The 
addition of an equiv. of NaClO4 to 1,3-alternate-2a caused immediate 
complexation as demonstrated by the downfield shift of the ester protons 
(OCH2CO, Dd= +0.35; COOCH2, Dd= +0.19 ppm and CH3, Dd= +0.18 ppm), and 
OCH2Bipy, Dd= +0.07 ppm as shown in Figure 3(b) for 1:1 complex of 
1,3-alternate-2a Ì Na+ (Kass = 2.5?103M-1). Similar down field shift also 
observed of the ester protons (OCH2CO, Dd= +0.11; COOCH2, Dd= +0.08 ppm 
and OCH2CH3, Dd= +0.03 ppm, and OCH2Imme, Dd= +0.07 ppm for the addition 
of an equiv. of NaClO4 to 1,3-alternate-2b for 1:1 complex of 1,3-alternate-2b Ì 
Na+(Kass = 2.3? 103M-1). The addition of an equiv. of CF3SO3K  to 
1,3-alternate-2a caused immediate complexation as demonstrated by the 
downfield shift of the ester protons (OCH2CO, Dd= +0.29; COOCH2, Dd= +0.17 
ppm and CH3, Dd= +0.17 ppm), and OCH2Bipy, Dd= +0.17 ppm as shown in 
Figure 3(c) for 1:1 complex of 1,3-alternate-2a Ì K+ (Kass = 2.8?103M-1). 
  
Titration with an equiv. of AgClO4 to 1,3-alternate-2a caused a down 
field shift for the methylene protons of OCH2Bipy and Bipyridine moieties, 
strongly suggesting that Ag+ is bound to the nitrogen atoms of bipyridine and 
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affects the H6, H5, H4, H3 protons in bipyridine rings as shown in Figure 4 for 1:1 
complex of Ag+Ì1,3-alternate-2a(Kass=3.7?103M-1). Similar down field shift also 
observed the methylene protons of OCH2Imme and Immidazole moieties for the 
addition of an equiv. of AgClO4 to 1,3-alternate-2b for 1:1 complex of 
Ag+Ì1,3-alternate-2b (Kass =3.9?103M-1).  
*
a)
b)
c)
H6 H4, H4`H6`H3 H3` OCH2bipy         OCH2CO     COCH2
 
Figure 3. Partial 1H NMR of 1,3-alternate 2a (4´10-3 M) in CDCl3:CD3CN(10:1, v/v) 
complex with metal ions; a) Free; b) 1,3-alternate-2a ? NaClO4; and 
c)1,3-alternate-2a?CF3SO3K . * denoted the solvent peak.  
*
a)
b)
Figure 4. Partial 1H NMR of 1,3-alternate 2a (4´10-3 M) in CDCl3:CD3CN(10:1, v/v) 
complex with metal ions; a) Free; b) AgClO4?1,3-alternate-2a. * denoted the 
solvent peak. 
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(a)
(b )
OC H 2Im m e
Im m e-C H 3
(c)
0.5 eqv .
1.0 eqv.
O C H 2P h
Im m e-H
Im m e -H
Figure 5. Chemical shift changes of 1,3-alternate 2d (4´10-3 M) in CDCl3:CD3CN 
(10:1, v/v); a) Free 1,3-alternate-2d; b) Ag+Ì1,3-alternate-2d;(1:0.5 eqv.) and c) 
Ag+Ì1,3-alternate-2d(1:1 eqv.). 
 
On the other hand, titration with an equiv. of AgClO4 to 1,3-alternate-2c and 
1,3-alternate-2d caused a dramatic upfield shift for the methylene protons of 
OCH2Bipy(Dd= -0.20 ppm) and OCH2Imme(Dd= -0.19 ppm), while the bipyridyl 
and immidazoyl protons displayed a downfield shift, strongly suggesting that Ag+ 
is bound to the nitrogen atoms of bipyridine affects the H6, H5, H4, H3 protons in 
bipyridine rings for 1:1 complex of Ag+Ì1,3-alternate-2c(Kass = 3.1?103M-1) and 
immedazole affects the H4, H3 protons in immedazoyl rings as shown in Figure 5 
for 1:1 complex of Ag+Ì1,3-alternate-2d (Kass = 3.3?103M-1). 
 
 The chemical shift changes(Dd) of 1,3-alternate-2 with metals ion summarized 
in Figure 6. 
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Figure 6. Chemical shift changes of 1,3-alternate-2 with metal ions. (–) 
denotes a shift to up field and (+)denotes a shift to up fieldand.  
Shofiur Rahman                                                     Saga University, Japan 
 147 
 
7.2.3. Allosteric studies  
 
 The presence of allosteric effect in 2a and 2b was studied by 1H NMR 
titration. The 1:1 2aÌNa+, 2aÌK+, 2bÌNa+ and 2bÌK+, complexes were titrated 
with 1 equiv. of AgClO4. The spectral pattern of Ag+Ì[2aÌ Na+], Ag+Ì[2aÌ K+], 
Ag+Ì[2bÌNa+] and Ag+Ì[2bÌK+] complex show new signal. This result indicates 
that complexation of Ag+ completely suppressed the recognition of Na+ or K+ by 
the ester moiety. Furthermore, when compared to the 1:1 Ag+Ì2a complex, 1:1 
2aÉNa+ or 1:1 2aÉK+ upon titration with Ag+ shows a 1H NMR spectrum with 
corresponding peaks, which implies that Ag+ bound to the bipyridine site induced 
the decomplexation of Na+ or K+ from the ester site. The negative allosteric 
effect observed is due to great conformational changes upon complexation of 
Ag+, which is supported by the remarkable chemical shifts of the OCH2bipyrdine 
OCH2CO, COOCH2 and bipyridine moieties as shown in Figure 7.  
 
* OCH2bipy
OCH2CO COCH2
 
Figure 7a. Partial 1H NMR of 1,3-alternate 2a (4´10-3 M) in CDCl3:CD3CN(10:1, 
v/v) complex with metal ions; a) Free; b) 1,3-alternate-2a?NaClO4; and c) 
AgClO4?[NaClO4?1,3-alternate-2a]. * denoted the solvent peak.  
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*
OCH2bipy
COCH2OCH2CO
 
Figure 7b. Partial 1H NMR of 1,3-alternate 2a (4´10-3 M) in CDCl3:CD3CN(10:1, 
v/v) complex with metal ions; a) Free; b) 1,3-alternate-2a?CF3SO3K; and c) 
AgClO4?[CF3SO3K?1,3-alternate-2a]. * denoted the solvent peak.  
 
(a)
(b)
(c)
OCH2Imme COCH2
Imme-H Imme-H
OCH2CO
 
Figure 7c. Chemical shift changes of OCH2imidazole and OCH2COOCH2CH3 
moieties of 1,3-alternate 2b (4´10-3 M) in CDCl3:CD3CN(10:1, v/v); a) Free; b) 
1,3-alternate-2b? NaClO4; and c) AgClO4? [NaClO4? 1,3-alternate-2b]. * 
denoted the solvent peak. 
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7.2.4. Determination of association constants  
 
The measurements were performed by 1H NMR titration experiments in 
CDCl3:CD3CN 10:1 v/v) at 25°C using a concentration of host receptors (4 ´ 10-3 
M) and a varying guest concentration of 0-10´10-3 M. The association constant 
(Kass) for the 1,3-alternate-2 complexes were calculated by non-linear curve 
fitting analysis of the observed chemical shift of methylene protons of OCH2Bipy, 
OCH2Imme and OCH2CO, for 1,3-alternate-2ÉAg+, K+Ì1,3-alternate-2 and 
Na+Ì1,3-alternate-2 complexes, according to the literature procedure [13]. 
  
The 1H NMR data of the most representative complexes is given below: 
Ag+Ì1,3-alternate-2a(1:1): dH (CDCl3-CD3CN, 10:1): 0.76 (s, 18H, t-Bu), 1.21 (t, 
6H, J= 4.8 Hz, CH2CH3), 1.30 (s, 18H, t-Bu), 2.52 (s, 6H, Bipy-CH3), 4.18 (q, 4H, 
J= 4.8 Hz, CO2CH2), 4.59 (s, 4H, OCH2CO2), 5.21 (s, 4H, OCH2Bipy), 6.93 (s, 
2H, ArH), 7.58 (s, 2H, ArH), 7.97-8.01 (m, 6H, BipyH3, H3¢) 8.218s, 2H, BipyH6¢), 
8.25-8.8 (m, 4H, BipyH4, H4¢), 8.31 (s, 2H, BipyH6). 
 
1,3-alternate-2aÉNa+ (1:1): dH (CDCl3-CD3CN, 10:1): 0.78 (s, 18H, t-Bu); 1.26(s, 
18H, t-Bu); 1.38 (t, 6H, J= 4.8 Hz, CH2CH3), 2.41 (s, 6H, Bipy-CH3), 4.34 (q, 4H, 
J= 4.8 Hz, CO2CH2), 4.82 (s, 4H, OCH2CO2), 5.37 (s, 4H, OCH2Bipy), 7.17 (s, 
2H, ArH), 7.45 (s, 2H, ArH), 7.54-7.58 (m, 4H, BipyH4, H4¢), 8.04 (s, 2H, BipyH6¢); 
8.29-8.36 (m, 4H, BipyH3,H3¢); 8.49 (s, 2H, BipyH6). 
 
 Ag+Ì[1,3-alternate-2aÉNa+](1:1): dH (CDCl3-CD3CN, 10:1): 0.79 (s, 18H, t-Bu), 
1.29 (s, 18H, t-Bu), 1.36 (t, 6H, J= 4.8 Hz, CH2CH3), 2.52 (s, 6H, Bipy-CH3), 4.30 
(broad peak, 4H, J= 4.8 Hz, CO2CH2), 4.80 (s, 4H, OCH2CO2), 5.25  (s, 4H, 
OCH2Bipy) 7.02 (s, 2H, ArH), 7.56 (s, 2H, ArH), 7.99-8.07 (m, 6H, BipyH3, H3¢, 
BipyH6¢), 8.27-8.30 (m, 4H, BipyH4, H4¢), 8.33 (s, 2H, BipyH6). 
 
K+Ì1,3-alternate-2a(1:1): dH (CDCl3-CD3CN, 10:1): 0.81 (s, 18H, t-Bu); 1.29 (s, 
18H, t-Bu); 1.37 (t, 6H, J= 4.8 Hz, CH2CH3), 2.43 (s, 6H, Bipy-CH3), 4.30 (q, 4H, 
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J= 4.8 Hz, CO2CH2), 4.76 (s, 4H, OCH2CO2), 5.32(s, 4H, OCH2Bipy), 7.24 (s, 2H, 
ArH), 7.51(s, 2H, ArH), 7.55-7.59 (m, 4H, BipyH4, H4¢), 8.19 (s, 2H, BipyH6¢); 
8.30-8.40 (m, 4H, BipyH3,H3¢); 8.51 (s, 2H, BipyH6). 
 
Ag+Ì[1,3-alternate-2aÉK+](1:1): dH (CDCl3-CD3CN, 10:1): 0.78 (s, 18H, t-Bu), 
1.231 (s, 18H, t-Bu), 1.29 (t, 6H, J= 4.8 Hz, CH2CH3), 2.52 (s, Bipy-CH3), 4.24 
(broad peak, 4H, J= 4.8 Hz, CO2CH2), 4.67 (s, 4H, OCH2CO2), 5.26  (s, 4H, 
OCH2Bipy) 6.99 (s, 2H, ArH), 7.59 (s, 2H, ArH), 7.98 (m, 4H, BipyH3, H3¢), 
8.27-8.35 (m, 8H, , BipyH4, H4¢, BipyH6¢, BipyH6). 
 
Ag+Ì1,3-alternate-2b(1:1): dH (CDCl3-CD3CN, 10:1): 1.02 (s, 18H, t-Bu), 1.23 (t, 
6H, J= 6.8 Hz, CH2CH3),1.27 (s, 18H, t-Bu), 3.71 (s, 6H, Imme-CH3), 4.17(q, 4H, 
J= 6 Hz, CO2CH2), 4.57 (s, 4H, OCH2Imme), 5.06 (s, 4H, OCH2CO2), 6.89 (s, 2H, 
imme-H(b)), 7.09 (s, 2H, ArH), 7.34(s, 2H, imme-H(a)), 7.51 (s, 2H, ArH) 
 
1,3-alternate-2bÉNa+ (1:1): dH (CDCl3-CD3CN, 10:1): 1.08 (s, 18H, t-Bu), 1.26 (s, 
18H, t-Bu), 1.32 (t, 6H, J= 6.8 Hz, CH2CH3), 3.01(s, 6H, Imme-CH3), 4.25(q, 4H, 
J= 6 Hz, CO2CH2), 4.71(s, 4H, OCH2Imme), 5.25 (s, 4H, OCH2CO2), 6.83 (s, 2H, 
imme-H(b)), 6.93 (s, 2H, imme-H(a)), 7.27 (s, 2H, ArH), 7.48 (s, 2H, ArH) 
 
Ag+Ì[1,3-alternate-2bÉNa+](1:1): dH (CDCl3-CD3CN, 10:1): 1.02 (s, 18H, t-Bu), 
1.28 (s, 18H, t-Bu), 1.28 (t, 6H, J= 6.8 Hz, CH2CH3), 3.68 (s, 6H, Imme-CH3), 
4.20(q, 4H, J= 6 Hz, CO2CH2), 4.63 (s, 4H, OCH2Imme), 5.06 (s, 4H, 
OCH2Imme), 6.89 (s, 2H, imme-H(b)), 7.10 (s, 2H, ArH), 7.14 (s, 2H, imme-H(a)), 
7.53 (s, 2H, ArH) 
 
1,3-alternate-2bÉK+ (1:1): dH (CDCl3-CD3CN, 10:1): 1.01 (s, 18H, t-Bu), 1.27 (s, 
18H, t-Bu), 1.35 (t, 6H, J= 6.8 Hz, CH2CH3), 3.05(s, Imme-CH3), 4.27(q, 4H, J= 6 
Hz, CO2CH2), 4.78(s, 4H, OCH2CO2), 5.20 (s, 4H, OCH2Imme), 6.88 (s, 2H, 
imme-H(a)), 7.04 (s, 2H, imme-H(b)), 7.35 (s, 2H, ArH), 7.47 (s, 2H, ArH) 
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Ag+Ì1,3-alternate-2c(1:1): dH (CDCl3-CD3CN, 10:1): 0.79(s, 18H, t-Bu); 0.84(s, 
18H, t-Bu); 2.53(s, 6H, Bipy-CH3), 5.07 (s, 4H, OCH2Ph), 5.16 (s, 4H, OCH2Bipy), 
6.92(d, J=9.0Hz, 4H, Ph-H), 7.00-7.13(m, 6H, Ph-H), 7.08(s, 2H, ArH), 7.11(s, 
2H, ArH), 7.52-7.55(m, 4H, BipyH4, H4¢), 8.14(s, 2H, BipyH6¢), 8.25, 8.27(d,d, 
J=6.0, 6.0Hz, 2H,2H, BipyH3¢, BipyH3¢), 8.36(s, 2H, BipyH6).   
 
Ag+Ì1,3-alternate-2d(1:1): dH (CDCl3-CD3CN, 10:1): 0.84 (s, 18H, t-Bu), 1.02 (s, 
18H, t-Bu), 3.66(s, Imme-CH3), 5.01 (s, 4H, OCH2Ph), 5.06 (s, 4H, OCH2Imme), 
6.88(s, 2H, Imme-H), 6.95(d, J=6.97, 4H, Ph-H), 7.11(m, 6H, Ph-H), 7.14 (s, 2H, 
ArH), 7.15 (s, 2H, Imme-H), 7.14 (s, 2H, ArH) and 7.18 (s, 2H, ArH).  
 
7.3. Experimental section 
 
Materials 
5,11,17,23-tetra-tert-butyl-25,27-bis[(ethoxycarbonyl)methoxy]-26,28-dihydroxy-
2,8,14,20-tetrathiacalix[4]arene 1[11] and 5,11,17,23-tetra-tert-butyl-25,27- 
bis-[(benzyl)methoxy]-26,28-dihydroxy-2,8,14,20-tetrathiacalix[4]arene 1b[10(d)] 
was prepared according to the reported procedure. 
 
7.3.1. Synthesis 
 
Synthesis of 5-Monobromomethyl-5¢-methyl-2,2¢-bipyridine[14]: A solution of 
5,5¢-dimethyl-2,2¢-bipyridine(500mg, 2.71mmol, 1 equiv.) NBS (531mg, 2.98 
mmol, 1.1 equiv.) and V65 (300 mg, 1.20 mmol, 0.44 equiv.) in CH2Cl2(100mL) 
was refluxed under argon for 12h. The reaction mixture was allowed to rise to 
room temperature and solvent was evaporated. The residue dissolved in hot 
hexane and the solid part off out. The filtrate part keep 4h at room 
temperature then dibromomethyl derivatives was precipitated and separated 
by filtration. The filtrate part again reduces one-third volume and put 12h at 
room temperature and then white solid appears, which was recrystallization 
from ethylacetate-hexane(1:1) gave pure product as a white powder 410mg 
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(58%). 1H-NMR (300MHz, CDCl3 )d: 2.39(s, 3H, bipy-CH3), 4.53(s, 2H, 
-CH2Br), 7.62(d, J=7.8Hz, 1H, bipy-H4¢), 7.83(d, J=6.0Hz, 1H, bipy-H4), 8.28(d, 
J=7.8Hz, 1H, bipy-H3¢), 8.35(d, J=8.4Hz, 1H, Bipy-H3), 8.49(s, 1H, Bipy-H6¢), 
8.65(s, 1H, Bipy-H6). 13C NMR (CDCl3, d 77.7 ppm) d 156.08, 150.05, 138.32, 
134.59, 121.87, 30.22. ESI-MS: The peak at m/z 343(M + 1)+. 
 
Synthesis of 5,11,17,23-tetra-tert-butyl-25,27-bis[(ethoxycarbonyl)methoxy]- 
26,28-bis-[5-(5¢-methyl-2,2¢-bipyridine)methoxy]-2,8,14,20-tetrathiacalix[4]- 
arene (1,3-alternate-2a): A mixture of diester 1a (200 mg, 0.224 mmol), 
Cs2CO3 (728 mg, 2.24 mmol) in dry acetone (15 mL) was heated at reflux for 
1 h under nitrogen. Then a solution of 5-bromomethyl-5¢-methyl-2,2¢- 
bipyridine(353mg, 1.34 mmol) was added and the mixture heated for 20 h. 
After cooling the reaction mixture to room temperature, it was acidified with 1 
M HCl (15 mL) and extracted with CH2Cl2 (50 mL×2). The combined extracts 
were washed with water (50 mL×2), dried (Mg2SO4) and condensed under 
reduced pressure to give 1,3-alternate-2a (157mg, 56%) as a colorless solid. 
Recrystallization from CHCl3–MeOH afforded 1,3-alternate-2a as colorless 
prisms. Mp 242–244°C, nmax (KBr)/cm-1 3463, 2946, 1764, 1463, 1365, 1255, 
1085, 736. 1H NMR d (CDCl3) 0.79 (s, 18H, t-Bu), 1.19 (t, 6H, J= 4.8 Hz, 
CH2CH3), 1.28 (s, 18H, t-Bu), 2.39(s, Bipy-CH3), 4.12(q, 4H, J= 4.8 Hz, 
CO2CH2), 4.49  (s, 4H, OCH2Bipy), 5.21(s, 4H, OCH2CO2), 7.11(s, ArH), 
7.45(s, ArH), 7.54(m, 2H, BipyH4, H4¢), 8.25(m, 3H, BipyH3, H3¢, BipyH6¢), 
8.49(s, 1H, BipyH6). MS m/z 1257.5 (M+). Found: C, 68.15; H, 6.38; N, 4.77. 
Anal. calcd. for C72H80O8S4N4: C, 68.76; H, 6.41; N, 4.45 %. 
 
Synthesis of 5,11,17,23-tetra-tert-butyl-25,27-bis[(ethoxycarbonyl)methoxy]- 
26,28-bis-[1-methyl-(imidazole)methoxy]-2,8,14,20-tetrathiacalix[4]arene 
(1,3-alternate-2b): A mixture of diester 1a (200 mg, 0.224 mmol), Cs2CO3 
(728 mg, 2.24 mmol) in dry acetone (15 mL) was heated at reflux for 1 h under 
nitrogen. Then a solution of 2-chloromethyl-1-methyl-1H-imidazole 
hydrocloride(372 mg, 2.24 mmol)[15]  was added and the mixture heated for 
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20 h. After cooling the reaction mixture to room temperature, it was acidified 
with 1 M HCl (15 mL) and extracted with CH2Cl2 (50 mL×2). The combined 
extracts were washed with water (50 mL×2), dried (Mg2SO4) and condensed 
under reduced pressure to give 1,3-alternate-2b (133 mg, 55%) as a colorless 
solid. Recrystallization from CHCl3–MeOH afforded 1,3-alternate-2b as 
colorless prisms. Mp 239–241°C, nmax (KBr)/cm-1 3456, 2976, 1765, 1454, 
1348, 1255, 1054,765. 1H NMR d (CDCl3) 1.09 (s, 18H, t-Bu), 1.20 (t, 6H, J= 
6.8 Hz, CH2CH3), 1.25 (s, 18H, t-Bu), 2.77(s, Imme-CH3), 4.14(q, 4H, J= 6 Hz, 
CO2CH2), 4.51 (s, 4H, OCH2Imme),  5.21 (s, 4H, OCH2CO2), 6.65(s, 2H, 
imme-H(b)), 6.96(s, 2H, imme-H(a)), 7.22 (s, ArH), 7.45(s, ArH) MS m/z 
1081.46 (M+). Found: C, 63.57; H, 6.69; N, 5.25. Anal. calcd. for 
C59H102O8S4N4: C, 64.41; H, 6.71; N, 5.18 %. 
 
Synthesis of 5,11,17,23-tetra-tert-butyl-25,27-bis[(benzyl)methoxy]-26,28- 
bis-[5-(5¢-methyl-2,2¢-bipyridine)methoxy]-2,8,14,20-tetrathiacalix[4]arene(1,3
-alternate-2c): A mixture of distal 1b (200 mg, 0.222 mmol), Cs2CO3 (720 mg, 
2.22 mmol) in dry acetone (15 mL) was heated at reflux for 1 h under nitrogen. 
Then a solution of 5-bromomethyl-5¢-methyl-2,2¢-bipyridine [14] (353mg, 1.34 
mmol)) was added and the mixture heated for 20 h. After cooling the reaction 
mixture to room temperature, it was acidified with 1 M HCl (15 mL) and 
extracted with CH2Cl2 (50 mL×2). The combined extracts were washed with 
water (50 mL×2), dried (Mg2SO4) and condensed under reduced pressure to 
give 1,3-alternate-2c (198 mg, 68%) as a colorless solid. Recrystallization 
from CHCl3–MeOH afforded 1,3-alternate-2a as colorless prisms. Mp 
253-255°C, nmax (KBr)/cm-1 3468, 2962, 1653, 1558, 1471, 1375, 1265, 1085, 
1015, 827. 1H NMR d (CDCl3) 0.78 (s, 18H, t-Bu), 0.86 (s, 18H, t-Bu), 2.38(s, 
Bipy-CH3), 5.06 (s, 4H, OCH2Ph), 5.36 (s, 4H, OCH2Bipy), 6.91(d, J=9.0Hz, 
4H, Ph-H), 6.97-7.02(m, 6H, Ph-H), 7.07(s, ArH), 7.11(s, ArH), 7.52-7.54(m, 
4H, BipyH4, H4¢), 8.16(s, 2H, BipyH6¢), 8.25, 8.28(d,d, J=6.0, 6.0Hz, 2H,2H,  
BipyH3¢, BipyH3¢), 8.49(s, 2H, BipyH6). MS m/z 1265.52 (M+). Found: C, 73.37; 
H, 6.32; N, 4.23. Anal. calcd. for C72H80O4S4N4: C, 74.01; H, 6.37; N, 4.43 %. 
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Synthesis of 5,11,17,23-tetra-tert-butyl-25,27-bis[(benzyl)methoxy]-26,28- 
bis-[1-methyl-(imidazole)methoxy]-2,8,14,20-tetrathiacalix[4]arene 
(1,3-alternate-2d): A mixture of distal 1b (200 mg, 0.222 mmol), Cs2CO3 (720 
mg, 2.22 mmol) in dry acetone (15 mL) was heated at reflux for 1 h under 
nitrogen. Then a solution of 2-chloromethyl-1-methyl-1H-imidazole 
hydrochloride (370 mg, 2.22 mmol) [15] was added and the mixture heated for 
20 h. After cooling the reaction mixture to room temperature, it was acidified 
with 1 M HCl (15 mL) and extracted with CH2Cl2 (50 mL×2). The combined 
extracts were washed with water (50 mL×2), dried (Mg2SO4) and condensed 
under reduced pressure to give 1,3-alternate-2d (125 mg, 52%) as a colorless 
solid. Recrystallization from CHCl3–MeOH afforded 1,3-alternate-2d as 
colorless prisms. Mp 252–253°C, nmax (KBr)/cm-1 3495, 2958, 1730, 1462, 
1652, 1575, 1455, 1372, 1266, 1084, 960, 875, 732. 1H 1H NMR d (CDCl3) 
0.82 (s, 18H, t-Bu), 1.15 (s, 18H, t-Bu), 2.57(s, Imme-CH3), 5.02 (s, 4H, 
OCH2Ph), 5.18 (s, 4H, OCH2Imme), 6.68(s, 2H, Imme-H), 6.91(d, J=7.14, 4H, 
Ph-H) 6.98(s, 2H, Imme-H), 7.05(m, 6H, Ph-H), 7.08 (s, 2H, ArH) and 7.26 (s, 
2H, ArH). MS m/z 1089.45 (M+). Found: C, 70.44; H, 6.43; N, 5.10. Anal. calcd. 
for C65H112O4S4N4: C, 70.55; H, 6.66; N, 5.14 %. 
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Chapter 8  
Experimental methods 
 
8.1. General  
 
 All mps (Yanagimoto MP-S1) are uncorrected. 1H NMR spectra were 
determined 300 MHz with a Nippon Denshi JEOL FT-300 NMR spectrometer 
with SiMe4 as an internal reference: J-values are given in Hz. IR were 
measured for samples as KBr pellets in a Nippon Denshi JIR-AQ2OM 
spectrophotometer. UV spectra were measured by Shimadzu 240 
spectrophotometer. Elemental analysis: Yanaco MT-5. Data of X-ray 
diffraction was collected on Bruker SMART 1000 CCD diffractometer. X-ray 
analysis was performed with SHELXTL program package and the structure 
was solved uneventfully by direct method. 
 
8.2. Stoichiometry (Job plot) 
 
1. To prepare the solution of host compounds in organic phase (CH2Cl2, 2x10-4 
M) a guest picrate solution in water (Pic: 2x 10-4 M, AgNO3 0.1 M, NaOH, 
KOH, Cu(ClO4)2.6H2O, Zn(ClO4)2.6H2O,), respectively. 
2. To prepare a series of aliquot solution, in which add the host solution from 
0.5 to 4.5 mL, respectively. Then, to dilute them to 5 mL and get the 
concentration of host with 0.2 ~1.8 x10-4 M. 
3. Same procedure was done to guest compound Ag+. For example, if you 
added 2.0 mL of the host in one flask, and dilute it to 5 mL, you should add 
3.0 mL of the MPic aqueous solution to the same flask and dilute it to 5 mL. 
Thus you can get a two phase solution each 5 mL. In this two system, the 
amount of host and guest is 4:6 ratio in mole. 
4. To make sure the above procedure, you will get the guest ratio as: 1:9, 2:8, 
3:7, 4:6, 5:5, 6:5, 7:3, 8:2, 9:1 sequence. 
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Organic Phase  Water Phase 
 Host (mL) 
(2.0´10-4 M) 
CH2Cl2 
(mL) 
[Host] 
(´10-4 
M) 
 Picrate 
(mL) 
(2.0´10-4 
M) 
AgNO3 aq. 
0.1 mM 
(mL) 
[Guest] 
(´10-4 
M) 
0.1 4.5 0.5 1.8  0.5 4.5 0.2 
0.2 4.0 1.0 1.6  1.0 4.0 0.4 
0.3 3.5 1.5 1.4  1.5 3.5 0.6 
0.4 3.0 2.0 1.2  2.0 3.0 0.8 
0.5 2.5 2.5 1.0  2.5 2.5 1 
0.6 2.0 3.0 0.8  3.0 2.0 1.2 
0.7 1.5 3.5 0.6  3.5 1.5 1.4 
0.8 1.0 4.0 0.4  4.0 1.0 1.6 
0.9 0.5 4.5 0.2  4.5 0.5 1.8 
 
8.3. Solvent extraction 
 
 Two-phase solvent extraction was carried out between water ([picrate]= 
2x 10-4 M) and CH2Cl2 (calix[n]arenes=2x 10-4 M). Equal volumes ( 5 mL) of the 
two solutions were shaken at 300 strokes per min for 1 h and then kept for 2 h 
in a glass tube immersed in a thermostated water bath at 25° C, allowing the 
complete separation of the two phases. The concentration of AgPic extracted in 
organic phase was determined by UV spectroscopy (l= 290 nm) as described by 
Pedersen[1].  
 
8.4. Association constants 
 
 1H NMR is a useful technique for the investigation of the rapid reversible 
complexation [1-3]. When host (H) and guest (G) interact in solution forming 1:1 
complex C (equation 1.1), the stability constant K in equilibrium can be 
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expressed as in equation 1.2, where [H]0 and [G]0 are the analytical 
concentrations of host and guest and [C] the equilibrium concentration of the 
complex. 
 
H + G                         C
K
Equation 1.1.
Equation 1.2.
K=
[C]
([H]o -[C])([G]o -[C]) 
 
 When the host-guest system involves fast exchange of the C and H in 
NMR scale and the observed nucleus is on the guest, the observed chemical 
shift is the weighted average of the shifts dC and dH. If the solvent effect is 
ignored and the behaviour of all the species in diluted solution is assumed ideal, 
the stability constant K can be calculated according to the Rose-Drago equation 
1.3 [2] or the Benesi-Hildebrand equation 1.4 [3]. Rose-Drago equation contains 
two variables, [C] and dC, which can be calculated. If at least 10-fold excess of 
host is used, i.e. [G]0 >> [H]0, equation 1.3.1 reduces to the Benesi-Hildebrand 
equation 1.4.1. 
 
=
[C]
dC -dH
1
Dd ([H]o +[G]o -[C])*
1
K(dC -dH)
Equation 1.3.1.
+
Equation 1.4.1.
=
1
K(dC -dH)
1
Dd *
1
(dC -dH)+
1
[G]o
For  [G]o>>[H]o
 
 
 The stability constants were measured using at least 10-fold excess of 
host and were calculated by the Benesi-Hildebrand equation 1.4.1.  
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When the host-guest system involves fast exchange of the C and G in NMR 
scale and the observed nucleus is on the guest, the observed chemical shift is 
the weighted average of the shifts dC and dG. If the solvent effect is ignored and 
the behaviour of all the species in diluted solution is assumed ideal, the stability 
constant K can be calculated according to the Rose-Drago equation 1.3.2 [2] or 
the Benesi-Hildebrand equation 1.4.2 [3]. Rose-Drago equation contains two 
variables, [C] and dC, which can be calculated. If at least 10-fold excess of host is 
used, i.e. [H]0 >> [G]0, equation 1.3.2 reduces to the Benesi-Hildebrand 
equation 1.4.2. 
=
[C]
dC -dG
1
Dd ([H]o +[G]o -[C])*
1
K(dC -dG)
Equation 1.3.2.
+
Equation 1.4.2.
=
1
K(dC -dG)
1
Dd *
1
(dC -dG)+
1
[H]o
For  [H]o>>[G]o
 
 
 The stability constants were measured using at least 10-fold excess of 
host and were calculated by the Benesi-Hildebrand equation 1.4.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Double reciprocal plot (Benesi-Hildebrand plot): 
This treatment requires [G]0 >> [H]0 or 
[H]0 >>[G]0 so that [G]0 @ [G] or [H]0 @ [H]. 
1 / [h o s t]
0 2 4 6 8 10 1 2
1 /D d
0
2
4
6
8
1 0
1 2
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Non-linear fitting: (recommended) 
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0 2 4 6 8 1 0 1 2 1 4
D d
0
1
2
3
[g u e s t]  =  2  m m o l/L
5 0 0 0 0  L /m o l
5 0 0 0  L /m o l
5 0 0  L /m o l
5 0  L /m o l
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* * * * Conclusion Remarks * * * * 
 
Supramolecular chemistry was grown rapidly over the past three 
decades, and expends into a ‘‘Supramolecular Sciences’’. Pedersen’s discovery 
of synthetic crown ether demonstrated that molecular complexation is not limited 
to natural systems but can also occur effectively with fully synthetic receptors.  
 
Compared to cyclodextrin and crown ether, calixarenes were named as the third 
generation of synthetic supramolecules. It was condensed from the reaction of 
phenols and formaldehyde, which can be performed on large scale and resulted 
in good yields. The structure of most of the members of the calixarenes family 
has been firmly established both in solution and in solid state. Two other 
advantages of calixarenes preferential to similar synthetic macrocycles and 
cyclodextrins extensively used in host-guest chemistry are worthy of mention: 1) 
they have different cyclic units to provide different cavity sizes, which can be 
varied systematically and, therefore, different conformational mobility, 2) they 
can easily and selectively be functionalized both on the lower and on the upper 
rims to provide the target constructions of complex receptors. In comparison with 
calix[4]arene, homooxacalix[3]arene and tetrathiacalix[4]arene have the different 
ring size and ring flexibility. The weaker intramolecular hydrogen bonding and 
cooperative possibility of heteroatoms in the complex process will make them 
more worthy of investigation. 
 
First of all, I have synthesized new homooxacalix[3]arene derivatives which have 
high selectivities to alkylammonium ions. The synthesis of tris- 
(benzyloxy)hexahomooxacalix[3]arene cone-3 carried out by the selective 
O-benzylation of hexahomooxacalix[3]arene 1 with benzylbromide and the 
inclusion properties with alkyl ammonium ions, dopamine, serotonin and 
2-phenylethylamine described in chapter 2. Synthesized of tris-(imidazole 
substituted hexahomooxacalix[3]arene 2 and their inclusion properties with alkyl 
ammonium ions, and transition metal ions described in chapter 3. Due to the 
much more flexibility of ethereal linkage, of novel ion-pairs receptors cone-5 hold 
a flatten(pinch) cone conformation in solution which favor to form the 
intramolecular hydrogen bonding. The intramolecular hydrogen bonding broken 
of compounds cone-5 after complexation with n-BuNH3+ and then complex with 
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anions(halides) discussed in chapter 4. A novel heteroditopic 
hexahomotrioxacalix[3]arene receptor capable of binding an anion and cation 
simultaneously in a cooperative fashion. cone-Hexahomotrioxcalix[3]arenes 
bearing N,N-diethylacetomide and substituted tri-amide chains on their lower 
and upper rim respectively, were synthesized from triol 1 by stepwise reaction. 
The alkali metals binding at lower rim and anions (chloride, bromide) binding at 
the upper rim have been investigated by using 1H NMR titration experiments. 
Alkali metal binding at lower rim controls the calix cavity. The Li+-binding to the 
lower rim can improve the binding ability of anon at the upper rim amide moiety. 
On the other hand the Na+-binding to the lower rim can block the binding of 
anions at the upper rim amide moiety. In the presence of Li+ ion the anion 
complexation ability increases 20 times, suggest strong positive allosteric effect. 
Whereas when Na+ cation bound to the ionophoric lower rim, the calix cavity is 
changed flattened to more standup which is favour for intramolecular hydrogen 
bonding between neighboring NH and CO groups and block to the inclusion of 
anions to the amide moiety at the upper rim strongly suggest negative allosteric 
effect described in chapter 5. Thiacalix[4]arenes 1 are new members of a 
well-known calixa[4]renes family. The presence of four sulphur atoms, instead of 
methylene bridges, imposes some novel interesting features on thiacalix[4]arene 
molecules if compared with the chemistry of the classical calixarenes. 1,3-distal 
substituted thiacalix[4]arene urea/thiourea derivatives synthesized for 
complexation of anions and described in chapter 6. These compounds can bind 
anions via hydrogen bonding interactions. The formation of ditopic derivatives 
the synthesis of 1,3-distal substituted derivatives is required. A number of ditopic 
derivatives (i.e. ester/bipyridine, benzyl/bipyridine, ester/imidazole, benzyl/ 
imidazole, etc.) possessing two complexation sites and bearing 1,3-alternate 
conformation based thiacalix[4]arene were synthesized in chapter 7. The binding 
behaviours with Na+, K+, and Ag+ ions have been examined by 1H NMR titration 
experiment. The decomplexation of the cation(Na+ or K+) from the ester moieties 
upon complexation of Ag+ of the bipyridine moieties shows the presence of a 
strong negative allosteric effect.   
 
The present work gives some insight into the molecular design of new artificial 
allosteric receptors based on homooxacalix[3]arene and thiacalix[4]arenes for 
controlled of biomimetic systems. 
 
